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ABSTRACT
This study was conducted to develop a computer vision
system for monitoring the operation of a gravity table. The
computer vision system included a black and white camera,
digitization hardware, AT-compatible computer, a VCR, and a
monitor. The vision system was used to track the movement of
small plastic balls which were dropped onto the deck. The
plastic balls were lighter than corn. The computer program
determined the direction and magnitude of the balls' movement
and hence the direction of flow of the light product to
determine if the gravity table was set correctly.
The software written to monitor the gravity table
included: the subroutine that did the actual tracking, two
subroutines that facilitated the conversion of screen
coordinates to gravity table coordinates, and a program that
calibrated the conversion subroutines.
INTRODUCTION, OBJECTIVES, AND LITERATURE REVIEW
Seed offers a premium price over a standard crop and
also requires greater quality by law. The gravity table
offers to improve the quality of a particular lot of seed by
removing weed seeds, foreign matter, and non-germinating
seeds. The gravity table can turn a marginal lot of seed
into an acceptable lot of seed for marketing purposes.
The gravity table is a seed-sorting device which
separates seeds according to size, weight, bulk density, or
specific gravity. The gravity table accomplishes the
separation by two successive steps. First, the seeds are
fluidized (Figure 1) by passing air through the deck and bed
of seeds. This forces the light seeds to the top of the bed
and the heavy seeds sink to the bottom of the bed. Second,
the deck vibrates in a controlled motion forcing the heavy
seeds, which are in contact with the deck, to move in the
direction of the vibration. The light seeds, on the other
hand, migrate down the slope (Figure 1) as the heavy seeds
move up the deck. One edge of the deck (Figure 2) is open so
that the seeds can fall off the deck after separation. The
edge of the deck has dividers so that the heavy and light
seeds stay segregated as they fall off the deck.
As the seed lot and atmospheric conditions change, the
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adjustments on the gravity table need to change. The
adjustments available to the operator are the tilt of the
deck, speed of the vibration, stroke length of the vibration,
amount of air moving through the perforations, and the amount
of seed entering the deck. The tilt of the deck is
controlled by adjusting the posts that hold the deck. The
speed of the deck is controlled by adjusting the pitch of a
variable pitch pulley. The amount of air moving through the
perforations is controlled by damping the fan. The amount of
seed entering the deck is controlled with a damper on the
seed inlet.
The gravity table is difficult to adjust because of the
number of adjustments and the fact that sometimes the same
result can be achieved with two different adjustments. As an
example: more seed can be directed to the "heavy" end of the
deck by either increasing the speed of vibration or by
lowering the tilt on the deck. This problem is compounded by
the fact that heavy factions and light factions are not
always visibly different to the untrained eye.
The objective of this research was to develop the
hardware and software for a computer vision system to monitor
the operation of a gravity table. The specific interest was
to track the movement of the light faction of the seed and to
report its movement.
A number of researchers have reported on the mechanics
and benefits of gravity separation for improvement in seed
quality (Gaul et al. (1986) and Baudet (1987)). Balascio et
al. (1987a,b) reported on a theoretical model for predicting
the movement of light particles on the gravity table. He
conducted experiments to test the performance of the model
using artificial light particles for the discard. Chen et
al, (1989) developed dynamic equations of motion for seeds
flowing over the deck of a gravity separator.
Computer vision is an emerging technology that is
increasingly being applied to agriculture. G. A. Kranzler
(1984) reported that most agricultural uses of machine vision
fall into three broad categories: image analysis, robotic
vision, and inspection. This project falls into both the
inspection and robotic vision categories: inspection because
it involves the monitoring of the gravity table and robotic
vision because it requires the real-time tracking of objects,
A. G. Berlage et al, (1984) suggested a method of adding
iron powder to seed to utilize any magnetic attraction. A
method similar to this was considered for this research,
i.e., to use magnetic spheres and magnetic sensors to track
the movement of the spheres. This method was rejected for
three reasons. First, the deck generally contains at least
some metal, if not the entire deck, that could cause confuse
the sensors. Second, the density of the balls has to be less
than the seeds, and be consistent, which was expensive to
accomplish with iron powder coated spheres. Third, a number
of magnetic sensors would have to be used which could block
the view of the user. It is realized that all of these
drawbacks could have been overcome but the vision system
technology is more appropriate because it would also allow
different kinds of monitoring such as for "boiling" of the
seeds on the deck.
S. Gunasekaren et al. (1988) found that he could detect
cracked com kernels by a computer vision system with 100%
accuracy and other damages to corn and soybean with lesser
accuracy. His research used small groups and individual
kernels. It was noticed in the early part of this research
that the white starchy part of cracked kernels could be seen
through the camera with a zoom lens. Although interesting,
this was not pursued since not all seed lots have cracked
kernels and for practical reasons a lens was needed that can
see the entire deck.
Cooper and Berlage (1985) described a vision system and
a database for monitoring seed conditioning equipment. His
system relies on the vision system knowing what "good" and
"bad" kernels look like and compares the output of any piece
of seed-conditioning equipment with the database for
immediate feedback on the operation of the machine. The
concept is very good in that it can be easily adopted for
almost any machine. It may have questionable results for
monitoring the gravity table, particularly for some seed lots
where the good and bad fractions are not highly visibly
different.
8MATERIALS AND METHODS
This project involved the use of a gravity table,
computer equipment, video equipment, and software development
tools. The Forsberg 40VM gravity table installed at the Seed
Conditioning Laboratory of Iowa State University was used in
the research. It is a suction type gravity table with a hood
and dust collection system. The hood allows control of the
lighting on the deck, including adding extra fluorescent
lights or an ultra-violet light. The dust collection system
has the advantage of keeping the atmosphere clean for the
proper functioning of the computer equipment.
The operation and adjustment of the Forsberg gravity
table were discussed in the introduction chapter. Some
modifications were made to the gravity table for this
experiment. A drop tube was added through the hood to allow
the dropping of artificial light product on to the table
(Figure 3). A screen was added to the light product
discharge edge to collect the artificial light product. An
ultraviolet light was added to the hood for use when the UV
reflective artificial light product was used.
Seeds were fed to the gravity table from a holding bin.
The seeds, after separation, were blended by a vibratory
conveyor and were handled away with a belt bucket elevator.
Points of Interest:
1. Drop txibe
2. Seed inlet
3. Light
4. Edge of deck
5. Edge of deck where grain falls off
6. Bed of grain
Figure 3, Top view of the Forsberg gravity-table
Deck with the Drop Tube
10
The elevator brought the blended seeds back into the holding
bin above the gravity table. It was thus possible to recycle
the seed corn for the experiments (Figure 4).
The artificial light product used was polypropylene
balls with a density of .90 to ,91. The balls were painted
to achieve the desired contrast to the background. After
painting the density was approximately 1.00. Two different
sizes were used; the smaller ones (diameter 3/16 in.) were
painted florescent orange and the larger ones (diameter 1/2
in.) were painted black.
Computer and video equipment (Figure 5) was assembled
and configured for this project. The hardware consisted of
five items: computer, image capture card, VCR, image
monitor, and camera. The following paragraphs explain each
item in detail.
The Pulinix TM-540-R CCD camera (Figure 6) is an
industrial quality black and white camera featuring a remote
imager. The remote imager feature facilitated in the
placement of the camera inside the hood of the gravity table.
It is also designed to operate at low light levels (2 lux) ,
stand up to a wide temperature range (-10®C to 50®C) , and
withstand moderate vibration and shock (7G and 60G,
respectively). These conditions allow it to operate in the
semi-hostile environment of the conditioning tower. It also
plugs into standard VCR inputs to allow easy interfacing.
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Video Camera
Pulinix TM-540-R
Panasonic AG-1500
Image capture Card
Data Translation 2851
Computer
Zenith 248
Monitor
NEC Multisync
Figure 5. Video and computer equipment
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The lenses used with the camera were a 8mm, F1.3 from Javelin
Precision Optics and a 4mm, F1.4 from Tokina.
The camera was connected to a Panasonic AG-1500 VCR. It
was a VHS format but was of industrial quality, meaning its
heads were designed to last approximately three times longer
than a home VCR. It produced a very clear picture even in
still frame unlike a digital VCR which has a grainy still
frame. The Panasonic also was competitively priced- The VCR
allowed the taping of the gravity table so that the same
conditions could be tested on several software algorithms.
A Data Translation 2851 image capture card was used to
digitize the images from the VCR and camera. As they were
digitized they were placed in the computer's memory for
analysis. It was designed for the scientific market with
features such as real time look-up-tables, two screen
buffers, pseudocolor picture enhancement, and the ability to
add an auxiliary processor. Its specifications included a
512 X 480 pixel resolution with 255 shades of gray.
A Zenith 248 computer was used as a host computer for
the image capture card. It featured an 8 Mhz clock, 512k of
no-wait state memory, IBM AT compatibility, an 80287
coprocessor, 20M Winchester, 360k floppy drive, 1.2M floppy
drive, a monochrome monitor, and a IBM proprinter. The
increased clock speed and no-wait state memory was useful
since it was desired to track the ball in real-time. AT
15
compatibility was desired so popular languages could be used.
A NEC multisync monitor was hooked to the digitizer and
used to display the image in the digitizer's memory. It
could take advantage of all of the data translation's cards
iibilities, including pseudocolor and 512x480 resolution.
A DT-iris subroutine package was used to initialize the
data translation card, and perform medium speed video
processing. It has complete routines for manipulating the
2851 image capture card that can be called from many popular
languages.
An MS-FORTRAN v4,00 compiler was used for a host
language for the assembly language routines and perform non-
speed dependent calculations. It has a very good source
level debugger called Codeview, which was recommended by Data
Translation for linking to DT-Iris subroutines.
An MS-Macro assembler was used for high speed video
processing and enable the entry and exit of protected mode.
It could link to FORTRAN and was also recommended by Data
Translation.
16
SOFTWARE DEVELOPMENT
The software written to monitor the gravity table
included: The ball tracking software, two subroutines that
facilitated the conversion of screen coordinates to gravity
table coordinates, and a program that calibrated the
conversion subroutines.
Ball-Tracking Software
A subroutine was written which would track the ball
through its path across the table. The subroutine used the
principle that the ball was a different level of gray than
the immediate background. The input parameters, the output
parameters, and the subroutine's algorithm are discussed
below.
Input Parameters
There are twelve input parameters which describe the
properties of the ball to be tracked and the conditions it
will be tracked under. These parameters are described in
Table 1.
The first input parameter is the ball color. If the
value of bljcol is zero the subroutine will look for a bright
17
Table 1. List of input parameters name and their
descriptive name
Parameter Descriotive name
bljcol ball color
tim_ot time out
brL_cnt bright count
be_row beginning row
be_col beginning column
thresh threshold for the ball color vs background
rt_bon right boundary
1t_bon left boundary
tp_bon top boundary
bm^bon bottom boundary
sr size search area size
bl size ball size
18
ball on a dark background, which is useful for florescent
colored balls with UV lighting. If the value of bl_col is not
zero the subroutine will look for a dark ball on a light
background which is useful for black balls in normal
lighting.
The second input parameter is the bright count. bri_cnt
is the number of pixels in a group which must be bright (or
dark in the case of dark ball and bright background) to be
considered a ball. The user should set bright count to about
1/2 diameter of a ball in pixels units. When the ball is
measured it should be in a location on the deck farthest from
the camera so that it will appear the smallest.
The third input parameter is the time out. tim_ot is the
number of frames the computer will look at, in a sequence,
without finding a ball. After the computer has looked at a
number of frames equal to tim_ot without finding a ball it
will exit the subroutine and give an termination code 1 or 2
(looking for a light or dark ball respectively). See the
output parameters for a full description of outputs.
The fourth input parameter is the beginning row. be_row
is the row number of the upper left side of the initial
search area. It is set to the value so that the computer
will know where the ball will initially enter the table. The
user should be able to determine this because of the known
19
location of the drop tube.
The fifth input parameter is the beginning column.
be_col is the column number of the upper left side of the
initial search area. It is set to the value so the computer
will know where the ball will initially appear on the table.
The user should be able to determine this because of the
known location of the drop tube.
The sixth input parameter is the threshold, thresh is
used to see if a pixel could potentially be part of a ball.
The value of thresh is the difference of brightness between a
pixel and its immediate background for that pixel to be
considered potentially part of a ball. If enough pixels are
found in a group which could potentially be part of a ball
then it is considered a ball. Setting this value high makes
the program more tolerant to static on the screen, setting it
low allows tracking of small objects.
The seventh, eighth, ninth, and tenth parameters are
right boundary, left boundary, top boundary, and bottom
boundary respectively. These boundaries are used to describe
the useful size of the screen since trivial objects may
appear on the edges of the screen.
The eleventh input parameter is search area size.
sr_size is the length of one side of the search area in
pixels. The search area is square when measured in pixels.
20
The larger the sr_size the longer the ball can stay under the
surface and still be found when it reappears.
The twelfth input parameter is ball size. bl_size is
used to determine how far from a suspect pixel a thresh should
be measured to determine if it is a potentially part of a
ball- bl_size should be approximately the radius of the ball
plus a couple of pixels to avoid the gray area which surround
the ball. The ball should be measured in pixel units when it
is closest to the camera so that it appears large on the
screen.
Output Parameters
There are four output parameters describing the outcome
of an attempt at tracking a ball. Table 2 lists the
parameters name and a descriptive name.
The first output parameter is the code for termination
reason, termcode contains a value which tells why the
computer stopped looking for a ball; Table 3 lists the codes
and what they mean.
The second output parameter is the row positions of the
ball as it was tracked. lctn(l), lctn(i), lctn(7), ... contain
the row positions of the first, second, third, ... times the
ball was found. This information and the column information
can be used to determine the actual position of the ball on
21
Table 2. List of output parameters and descriptions
Parameter Descriotion
termcode code for termination reason
lctn(lA,7.10 ,13,. -•) row positions of balls found
lctn(2,5,8,ll . J column positions of balls found
lctn(3,6,9,12 ,15,. number of frames since last ball
Table 3. List of termination codes and description
Cermcode
1.
2.
3.
4.
5.
6.
Description
the computer had not found a bright ball in
cim_oc number of frames
the computer had not found a dark ball in
tim_ot number of frames
the ball went to the right of the right boundary
the ball went to the left of the left boundary
the ball went above the top boundary
the ball went below the bottom boundary
22
the gravity table.
The third output parameter is the column positions of
the ball as it was tracked. lctn(2), lctn(5)f lctn(8), ...
contain the column positions of the first, second, third, ...
times the ball was found. This information and the row
information can be used to determine the actual position of
the ball on the gravity table.
The fourth output parameter is the number of frames that
were looked at since the last ball was found. lctn(3),
lctn(6), lctn(9), ... contain the number of frames that were
looked at since the last ball was found for the first,
second, third, ... times the ball was found. This
information can be used to determine the time between finding
the first, second, third, ... times the ball was found.
Algoritbm
The subroutine can be divided into five main sections
based on their function: first, parameter passing; second,
entrance of protected mode^; third, initialization of
searching the screen for balls? fourth, search the screen for
the balls; fifth, exit protected mode. The flowchart
depicting these sections is presented in Figure 7.
^Protected mode is the virtual address mode of the i80286;
MS-DOS does not support it.
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The first section is parameter passing. This must
happen in such a way that the subroutine is callable from
FORTRAN. Microsoft FORTRAN V4.00 has a switch which will
compile the FORTRAN source code into assembly language
source. A dummy subroutine was compiled in FORTRAN using
that switch and the parameter passing technique was copied
into the actual subroutine. Since execution speed was the
main reason for writing in assembly language, the parameters
are then put in to the subroutine where they are needed, thus
avoiding repeated memory access to read these parameters.
This is not considered good programming practice, but it did
speed up the code without sacrificing reliability.
The second section is entrance of protected mode.
Protected mode allows direct access to the memory which has
the picture in it. There are seven steps to get into
protected mode; they are as follows:
1. Define a global descriptor table and load with
appropriate values. The global descriptor table is some
location in memory that holds the information on the
size, location, and access rights of the memory segments.
The segment registers are loaded from this table.
2. Load the global descriptor table register. This puts
the global descriptor table into the microprocessor so
the it will know how the memory segments are defined.
3. Allow address line A20 to be active. This allows A20
Dafiaa (lobal
daacrlptor
table aad lead
appropriate
valsea
24
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Figure 7. Flow Chart for Track Ball Routine
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to carry address data as opposed to being grounded.
4. Save status of interrupt controllers. This is needed so
that the interrupt controllers can be returned to their
pre-protected mode status.
5. Place the return address into BIOS. This will direct
the processor into starting execution at the specified
address after the processor is halted- The processor is
halted when it is desirable to get back into real mode.
This step is actually preparing for the return to real
mode.
6. Write the shutdown byte to CMOS memory. This determines
if the keyboard buffer and last clock tic will be flushed.
7. Load machine status word fLMSWI and JUMPFAR into
protected mode. This sets the bit that determines if the
machine is in protected mode then executes a jump so the
prefetch queue is purged.
The third section is initialization of searching the
screen for the balls; this can be divided into three parts:
1. initialization of video output. 2. initialization of
video input. 3. initial description of the area of the
screen to be searched.
1. Initialization of video output. This selects the
output look up table to be the one which allows 127
shades of gray or red. This also selects buffer 0 to be
displayed. Buffer 0 is the buffer displayed during the
29
displayed. Buffer 0 is the buffer displayed during the
entire time even though video is being acquired and
analyzed in both buffers.
2. Initialization of video input. This selects the input
look up table to be the one which allows 127 shades of
gray. This also selects write protection for the bit
which holds the red pixel information so that it does not
get over written by the incoming picture. This selects
buffer 0 to be initially input into (this will toggle
between buffer 1 and buffer 0 as the subroutine directs).
3. Initial description of the area of the screen to be
searched. This checks the users input initial search
area coordinates, corrects them if necessary and sets the
segment register accordingly. The segment register
describes the position of the search area.
The fourth section is search the screen for the balls.
This can be divided into five parts: 1. wait for either
buffer to fill. 2. start filling other buffer. 3. look in
current look area. 4. define new look area. 5. begin again
with step one. Steps 3, 4, and 5 happen while the buffer not
being analyzed is being filled.
1. Wait for either video buffer to fill. This ensures
that the "look in current look area" routine will look at
a fresh picture. This is done by monitoring one of the
image capture cards status registers.
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2. Start filling other buffer. This starts the other
buffer filling with image data so that no image data is
lost while the just acquired image data is being
analyzed.
3. Look in current look area. This looks in the defined
look area to find the balls. Three criteria must be met
for the subroutine to predict a pixel is part of a ball:
first, the pixel being tested must be at least a
"threshold" brighter than the pixel a "ball size" above
it? second, the pixel being tested must be at least a
"threshold" brighter than the pixel a "ball size" below
it; third, there are "bright count" number of pixels in a
group which satisfy the above two criteria. When no ball
is found this section increments the counter of the
number of frames looked at with out finding a ball. When
a ball is found this section zeros the counter and calls
a routine to place a red dot on the screen. The define
new look area section of code will test the counter of
frames to see if a ball was found i.e counter^O: ball
found.
4. Define new look area. This tests to see if a ball is
found. If a ball is found, the position is saved to be
returned to the main program, the search area is
redefined so ball is in the center of the new look area,
the number of frames it took to find the ball is saved to
31
be returned to the main program, and the ball position is
tested to see if it landed outside of the boundaries set
by the user (if the test finds a ball outside of the
boundaries the subroutine sets the appropriate exit code
and begins the procedure to exit to the main program) .
If no ball was found, the search area stays the same. In
either case the buffer which will be looked at will be
toggled.
5. Begin again with step one. If the subroutine did not
exit during "look in current look area routine" because
of not finding a ball or the subroutine did not exit
during "define new look area routine" because of the ball
going off the screen then the subroutine got here and
will begin again with step one. By exiting it is meant
that processing jumps to the next section of code.
The fifth section is exit protected mode- There are
five steps to get out of protected mode; they are as follows
1. Output the shutdown command to the status port. This
sends an instruction to the 8042 status port to tell it
to reset the processor.
2. Issue a halt fHLT) instruction. This cause the
processor to start executing instructions at the address
given in step 5 of entering protected mode.
3. Degate address line 20. This inhibits the programmer
from using the segment just above the IH limit of MSdos.
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This is for compatibility with PC based machines.
4. Restore the status of the interrupt controllers. This
restores the status of the interrupts to the
pre-protected mode values.
5. Issue return to the calling program.
Coordinate Conversion Software for Normal Lens
A subroutine was written which would enable the user to
easily convert a list of screen coordinates to gravity table
coordinates. This will be useful so that the path of the
ball can be described in a way that does not change with
position of the camera. The coordinate conversion input
parcuneters, output parameters, and algorithm for the images
captured with a normal lens are discussed below.
Input Parameters
There are two input parameters: the first is a data
array of points which have known locations on the gravity
table and the image screen; the second is the number of these
points.
The data array of known points is a two dimensional
array with each of it vectors organized as follows: first
element is x direction on the table, second element is the y
direction on the table, third element is the z direction on
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the table (set to zero because the table is flat), fourth
element is the x direction on the screen, and the fifth
element is the y direction on the screen-
Output Parameters
There are two output parameters: the first is an
inverse calibration matrix; the second is the residual error.
The inverse calibration matrix is a 3x3 matrix. It
contains the coefficients for the conversion of coordinates
from screen coordinates to gravity table coordinates. The
conversion is left to the main program for the sake of speed.
The residual error is found by calculating the values of
the gravity table coordinates using the known point
coordinates and then comparing the calculated value with the
known value. The residual error is the standard deviation of
the differences between actual and the calculated
coordinates.
Algorithm
Ballard and Brown (1982) described the following
relationship between camera image coordinates and world
coordinates.
Consider U and V to be the x and y axis of the camera
image and i, j, and k to be the x, y, and z axis of the
world. The first step is to convert the camera image plane
34
coordinates to homogeneous coordinates. The equations are as
follows:
U == u/t
V = v/t
where u, v, and t are the homogenous coordinates.
{x,y,z,l)C = (u,v,t) where C is the camera calibration
matrix, so
u = (x,y,z,l)C,
V = (x,y,z,l)C2
t = (x,y,2,l)C3
where is a vector in the calibration matrix
[ Cll C21 C31 C41 ] {X) = {u)
t C12 C22 C32 C42 ] (y) (v)
[ C13 C23 C33 C43 ] {Z) {t)
{1}
Rewriting u - Ut = 0 and v - Vt = 0
xC,, + yCg, + zCji + C4, - UxC,3 - UyCgj - UZC33 - = 0
XC12 + yCjj + zCj2 + C42 - vxc,3 - vyCjj - VZC33 - vc„ = 0
Since the overall scaling of C is irrelevant because of
the use of homogenous coordinates, can be set to one.
The equations in matrix form are then:
[ yi Zl 10 0 0 0 -U,x, -U,z, ] {C„} = {U,}
[ 0 0 0 0 x, y, 1 -v^x, -v,yi -V,z, ] {C2,} {Vi)
[ X2 Yz 2=2 10 0 0 0 "^2^2 "U2Z2 ] (C31} {Ug}
[ 0 0 0 2=2 1 -V2X2 -V2Y2 -V2Z2 ] {C41} (Vz)
c m • • • • ] {C12} {..}
[ • • • • • ] (C22> {..}
[ 0 0 0 0 Yn Zn 1 -V„Xn -VnYn -V„Zn ] {C32> (Vn)
{C42)
{C33)
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John Reid used the relationship and developed an
algorithm for coordinate conversion (Reid, 1987). Raid's
solution assumed that the world is a plane, this allowed z to
be set to any value; setting z to zero will further reduce
the matrix.
[ *1 yi 1 0 0 0 -UiX, -u^yi ] (Cll) = {U,}
c 0 0 0 Xi 1 -V,Xi -Viyi ] {C21) {V,}
[ *2 ya 1 0 0 0 UgXg ] {C31} {Ug}
[ 0 0
0
X
rvi
y2 1 -V2X2 -^ayz ]
[ ] {C22} {..}
c * • • • • ] {C32} {..}
[ 0 0 0 yn 1
1
<
3
] {C13} {Vn}
Note:
C33 = 1. The calibration matrix is now
[ Cll C21 C31 ] {X} = {u}
[ C12 C22 C32 ] {y} {v}
[ C13 C23 C33 ] {1) (t)
Inverting the camera calibration matrix so the world
coordinates can be found
[Cll C21 C31]'^ [Cll C21 C31] {x> « [Cll C21 C31]'' (u) = {x}
[C12 C22 C32] [C12 C22 C32] (y) [C12 C22 C32] (v) {y}
[C13 C23 C33] [C13 C23 C333 {1) [C13 023 C33] {t} {1}
Expand the homogenous and solve for World Coordinates
[ Cinvll Cinv21 Cinv31 ] {U*t) = {X*l)
[ Cinvl2 Cinv22 Cinv32 ] {V*t) {Y*l]
[ Cinvl3 Cinv23 Cinv33 ] {t} {1)
Solving for X:
Cinvll*U*t + Cinv21*V*t + Cinv31*t X*1
Cinvl3*U*t + Cinv23*V*t + Cinv33*t 1
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Equation 1:
Cinvll*U + Cinv21*V + Cinv31
X
Cinvl3*U + Cinv2 3*V + Cinv33
Solving for Y:
Cinvl2*U*t + Cinv22*V*t + Cinv32*t Y*1
Cinvl3*U*t + Cinv23*V*t + Cinv33*t 1
Equation 2:
Cinvl2*U + Cinv22*V + Cinv32
Cinvl3*U + Cinv23*V + Cinv33
These are the equations used in Reid's program and the
coordinate conversion for normal lens subroutine.
The algorithm assumes that the distortion in the lens
can be neglected, which is a valid assumption for a normal
lens. The flow chart is presented in Figure 8.
For the sake of speed and flexibility, the actual
conversion of the coordinates is done in the main program
using the inverse calibration matrix and equations 1 and 2.
This would allow a programmer to use this subroutine to
calculate the inverse calibration matrix once for each camera
orientation and hard code the coefficients into the
conversion equations.
Coordinate Conversion Software for Wide-Angle Lens
A wide angle lens was used to monitor the gravity table
because more of the deck could be seen at a time. The wide
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Figure 8. Flow chart for normal lens coordinate conversion
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angle lens has inherent distortion that the coordinate
conversion subroutine for normal lens does not account for.
A subroutine was written which would help the user convert a
list of screen coordinates to gravity table coordinates when
a wide-angle lens was used. This was useful so that the path
of the ball can be described in a way that does not change
with the position of the camera. The wide-angle lens allows
the camera to "see" more of the gravity table deck. The
input parameters, the output parameters, adn the algorithm
are as follows.
Input Parameters
There are two input parameters: the first is a 5x8 data
array of 8 points which have Jcnown locations on the gravity
table and the image screen; the second is a 5x1 data array of
coordinates with two elements in the array for the screen
coordinates and two elements in the array for the gravity
table coordinates (this part of the array is actually an
output parameter) and one element for the number of frames
since the last point (this part of the array does not
change).
The data array of known points is a two dimension array
with each of it vectors organized as follows: first element
is X direction on the table, second element is the y
direction on the table, third element is the z direction on
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the table (set to zero), fourth element is the x direction on
the screen, and the fifth element is the y direction on the
screen.
Output Parameter
The output parameter is a 5x1 data array of coordinates
with two elements in the array for the screen coordinates
(this part of the array is actually an input parameter) and
two elements in the array for the gravity table coordinates
and one element for the number of frames since the last
point (this part of the array does not change).
Algorithm
The distortion in the wide-angle lens is significant
over the entire lens but can be assumed to be insignificant
over a small portion of the lens. It is this assumption that
the wide-angle lens coordinate conversion software relies on.
The core algorithm is the same as the coordinate
conversion for normal lens. The difference is the normal
lens routine uses all of the points for each point converted
and the wide-angle lens routine used only the eight points
closest to it, thus avoiding the distortion over the larger
area (see flow chart in Figure 9).
Since each point converted will potentially have a
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different set of points closest to it there is no speed
advantage to simply having the calibration matrix handed back
to the calling program, so the actual conversion is done in
the subroutine.
Calibration Software
The calibration software was written to aid the user in
developing a list of calibration coordinates for the
coordinate conversion software. The calibration coordinates
consist of a list of screen coordinates along with their
corresponding gravity table coordinates (or Real World
coordinates).
The process begins by laying a grid on the gravity table
deck. The one shown in Figure 10 is simply a piece of
cardboard with two sets of parallel lines each two inches
apart. With the grid displayed on the screen, the user can
enter the gravity table coordinates with the keyboard and
then point to the corresponding grid intersection by moving a
cross hair with the arrow keys. After placing the cross hair
and hitting return the cross hair disappears and a dot is put
in its place. The user is then given the opportunity to
position the dot for any final adjustments. When the user
confirms that the final adjustments are done, by pressing the
return key, the position is appended to a file containing the
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list of coordinates. The dot is left on the screen so that
it will not be reentered. The flow chart is shown in Figure
11.
The program also has the feature of being able to stop
and start again. This will bring up the locations already
chosen locations, display them as dots on the screen, and
query the user for continued entry.
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RESULTS AND DISCUSSION
The result of this research is the software developed
for tracking the plastic balls on the deck and thus monitor
the operation of the gravity table.
A typical result of the ball tracking software is shown
in Figures 12 to 18. Figure 12 shows the position of the
plastic ball soon after it has been introduced onto the deck,
and the computer has not yet detected its location. Figure
13 shows the computer has started tracking the ball and the
ball is clearly visible on the leading edge of the dotted
line which is drawn on the monitor by the computer as it
tracks the ball successfully. Figure 14 through Figure 17
show the continuation of the tracking of the plastic ball and
Figure 18 shows the eventual departure of the ball off the
discharge edge of the deck. These time lapse pictures
successfully verified the effectiveness of the routine to
track the balls.
Figures 12 through 18 were generated in four steps:
first, direct the video from through the digitizer to the
monitor; second, begin the execution of the ball tracking
program; third, wait for the ball tracking program to find
the moving ball; fourth, take pictures, at few second
intervals, as the ball moves across the screen.
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Figure 12, Ball not yet found by tracking routine
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Figure 13. Ball just found by tracking routine
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•
Figure 14. Ball being tracked
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Figure 16. Ball being tracked
51
Figure 17. Ball being tracked
52
Figure 18. Ball is finished being tracked
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When the tracking routine finishes tracking the ball the
screen coordinates and elapsed time between successive
tracking are handed back to the calling subroutine and put
into a file. From this file the coordinates can be accessed
by the coordinate conversion software. The accuracy of the
software is demonstrated by examining Figure 19 produced by
the "track-ball" subroutine along with Table 4 of coordinates
produced by coordinate conversion program. Screen x and Screen
y (Table 4) describe the x and y position respectively of the
plastic ball on the screen, measured in pixels. These
coordinates are the output of the ball tracking algorithm.
GT X and GT y (Table 4) describe the x and y position
respectively of the plastic ball on the gravity table,
measured in inches (the units can be easily changed to SI
units by using SI units in the calibration routine). These
coordinates are calculated by the coordinate conversion
software. The positive direction of the x and y axis depend
on the camera angle and as they were defined in the
calibration software.
rime (Table 4) is the time in l/30th of seconds that
elapsed between two successive finding of the ball. The
first value of rime is the time needed to find the ball
initially, measured from the time the subroutine began
execution. At times, the plastic ball sank below the surface
54
Figure 19. Grid with ball's path
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Table 4. Continued
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Screen x Screen v GT X GT V Time
217 261 16.24 16.35 0
216 261 16.22 16.25 0
219 261 16.26 16,55 0
217 262 16.31 16.35 1
219 265 16.58 16.49 0
218 265 16.59 16.42 0
218 265 16.59 16.42 0
216 267 16.69 16.16 0
217 266 . 16.65 16.32 0
216 269 16.86 16.16 0
216 268 16.77 16.15 0
215 268 16.77 16.04 0
216 270 16.94 16.16 0
216 271 17.01 16.16 0
216 271 17.01 16.16 0
217 271 17.03 16.25 0
217 274 17.26 16.23 0
217 275 17.30 16.20 0
217 277 17.49 16.20 0
216 277 17.45 16.09 0
217 278 17.55 16.20 0
215 279 17.60 15.99 0
215 279 17.60 15.99 0
216- 278 17.55 16.13 0
214 282 17.81 15.88 0
213 282 17.80 15.78 0
213 282 17.80 15.78 0
214 283 17.86 15.85 0
213 285 18.00 15.73 0
213 285 18.00 15.73 0
214 289 18.33 15.83 0
214 288 18.25 15.83 0
212 289 18.34 15.62 0
212 290 18.42 15.61 0
213 289 18.35 15.71 0
213 289 18.35 15.71 0
213 290 18.43 15.71 0
212 294 18.71 15.58 0
213 292 18.58 15.69 0
210 293 18.57 15.40 0
211 295 18.78 15.47 0
212 295 18.78 15.57 0
210 296 18.84 15.37 0
211 296 18.85 15.47 0
211 300 19.15 15.43 0
210 300 19.14 15.34 0
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Table 4. Continued
•een x Screen v GT X GT V Time
211 300 19.15 15.43 0
212 303 19.32 15.54 0
212 303 19.32 15.54 0
212 303 19.32 15.54 0
211 303 19.30 15.44 0
210 305 19.46 15.37 0
210 305 19.46 15.37 0
210 305 19.46 15.37 0
210 308 19.66 15.31 0
211 307 19.60 15.41 0
211 307 19.60 15.41 0
212 311 20.02 15.48 0
211 311 19.92 15.41 0
209 312 19.98 15.18 0
209 311 19.91 15.19 0
209 313 20.07 15.17 0
209 314 20.14 15.16 0
208 315 20.18 15.07 0
209 315 20.22 15.15 0
209 318 20.48 15.15 0
209 316 20.29 15.15 0
208 317 20.31 15.03 0
209 316 20.29 15.15 0
210 317 20,39 15.25 0
209 317 20.32 15.12 0
208 321 20.61 14.96 0
209 321 20.70 15.09 0
207 323 20.90 14.87 0
206 324 20.82 14.81 0
207 324 20.84 14.99 0
207 326 20.99 14.97 0
205 328 21.26 14.68 0
208 328 21.17 14.95 0
206 328 21.13 14.79 0
205 327 21.02 14.72 0
205 327 21.02 14.72 0
206 329 21.09 14.76 0
204 330 21.28 14.56 0
204 330 21.28 14.56 0
204 331 21.22 14.55 0
204 333 21.50 14.50 0
203 335 21.69 14.40 0
202 335 21.61 14.32 0
205 335 21.67 14.60 0
204 337 21.84 14.48 0
204 338 21.92 14.47 0
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Table 4. Continued
een x Screen v GT X GT V Time
203 338 21.91 14.37 0
205 339 21.96 14.60 0
204 342 22.14 14.48 0
204 342 22.14 14.48 0
203 342 22.13 14.32 0
204 343 22.31 14.38 0
203 345 22.34 14.27 0
204 345 22,35 14.37 0
203 345 22.34 14.27 0
203 347 22.55 14.27 0
203 349 22.60 14.34 0
204 349 22.61 14.43 0
202 349 22.60 14.24 0
201 353 22.95 14.03 0
200 355 23.11 13.91 0
201 353 22.95 14.03 0
201 356 23.19 13.99 1
203 360 23.33 14.14 1
200 360 23.46 13.90 0
201 360 23.53 13.97 0
200 361 23.60 13.86 0
201 363 23.84 13.97 0
200 364 23.71 13.84 0
200 364 23.71 13.84 0
198 367 23.90 13.62 3
198 368 23.99 13.62 0
198 371 24.25 13,59 0
198 371 24.25 13.59 0
195 371 24.33 13,33 0
196 371 24.33 13.42 0
196 375 24.66 13.33 0
198 374 24.59 13.53 0
196 377 24.91 13.35 0
195 378 24.84 13.24 0
195 378 24.84 13.24 0
195 379 24.92 13.23 0
194 382 25.29 12.97 0
195 381 25.19 13.18 0
194 382 25.29 12.97 0
193 382 25.29 12.87 0
193 384 25.41 12.96 0
194 384 25.45 12.95 0
192 385 25.40 12.88 0
190 386 25.46 12.79 0
191 385 25.39 12.89 0
190 389 25.57 12.68 2
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Table 4. Continued
Screen x Screen v GT 3? GT V Time
188 392 25.85 12.43 2
188 396 26.15 12.38 1
186 396 26.15 12.18 0
186 397 26.31 12.25 0
187 397 26.23 12.27 0
184 400 26.66 11.99 1
184 400 26.66 11.99 0
183 404 26.93 11.84 2
182 407 27.04 11.62 2
183 407 27.04 11.72 0
182 410 27.51 11.49 0
177 418 27.73 11.11 8
177 418 27.73 11.11 0
176 419 27.81 11.00 0
174 422 28.53 10.62 0
176 422 28.48 10.88 0
174 426 29.11 10.63 1
174 426 29.11 10.63 0
174 425 28.41 10.69 0
166 444 28.87 9.79 16
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of the seeds and floated to the top again. This is clearly
indicated by longer time interval needed to track the ball
for some values of Screen x and Screen y (note: values in the
fifth row of Table 4). The Appendix contains Tables A1
through All with results of additional experiments.
The accuracy of the coordinate conversion software is
demonstrated by examining Table 5. Screen x and Screen y are
the coordinates on the screen where the grids intersect in
Figure 9, there are white dots at these points, measured in
pixel units. GT x^ and GT y^ are the gravity table
coordinates corresponding to the screen coordinates as
calculated by the coordinate conversion program. GT x^ and GT
y^ are the gravity table coordinates corresponding to the
screen coordinates as visually determined from the grid
placed on the gravity table deck.
This table is the calibration routine executed utilizing
the calibration points of the grid described in the previous
chapter. From this data the average error and standard
deviation is calculated for each of the x and y directions.
As reported at the end of the table the average error is .02
inches in each direction and the standard deviation is .16
and .10 in the x and y directions respectively.
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Table 5. Coordinate conversion error calculations
Screen x Screen v GT X GT Xfl GT Yt
320 429 30,29 23,82 30 24
297 434 30.23 22.09 30 22
276 438 30.28 20,10 30 20
252 441 30,14 18.16 30 18
231 443 30.45 16.07 30 16
210 445 29.66 14.06 30 14
189 444 29.80 12,16 30 12
169 443 28.77 10.15 30 10
151 442 30.20 7.99 30 8
134 439 30,01 6,44 30 6
118 435 30.67 3.85 30 4
104 431 29.83 2.00 30 2
91 427 29.59 ,25 30 0
89 408 28.12 .06 28 0
101 411 28.20 1.85 28 2
115 414 28.56 3.75 28 4
131 416 28.21 5.94 28 6
147 418 27.78 8.12 28 8
167 419 28.50 10.13 28 10
186 419 28.31 12.03 28 12
207 419 28.05 14.02 28 14
228 418 28,21 16,02 28 16
250 415 27,87 17.89 28 18
273 411 28,01 20.03 28 20
295 407 27.90 22.05 28 22
316 402 27.73 23.72 28 24
314 376 26.05 24.00 26 24
291 382 26.15 21,94 26 22
270 385 26.04 20,03 26 20
247 389 25,97 17.96 26 18
225 391 26,21 15,98 26 16
205 394 26.16 13,99 26 14
184 394 26.17 12.00 26 12
164 394 25.87 9.96 26 10
145 394 26.28 7.94 26 8
128 392 25.97 5.86 26 6
113 390 25.98 4.00 26 4
99 387 26.02 1.92 26 2
86 384 25.61 -.03 26 0
84 363 24,02 -.13 24 0
97 367 24,17 1,89 24 2
111 368 23,83 4.02 24 4
126 370 24.06 5,96 24 6
143 371 24.26 7.97 24 8
162 370 24.20 10.00 24 10
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Table 5 . Continued 
Screen_x Screen y GT Xe GT Ye GT X8 Q'.I'.._ya 
182 369 24.08 12.08 24 12 
201 367 24 . 16 13.89 24 14 
222 365 24.01 15.90 24 16 
244 363 24.15 17.95 24 18 
267 359 24.05 2 0 .09 24 20 
289 355 24.20 22.08 24 22 
311 349 23.94 24. 0 3 24 24 
308 323 22 . 07 24 . 16 22 24 
2 8 5 328 22.13 21.96 22 22 
264 332 22 . 15 20 . 07 22 20 
241 336 22.18 17.89 22 18 
220 338 21.98 16.06 22 16 
199 341 22.05 13.99 22 14 
179 343 22.04 11.98 22 12 
1 6 0 344 22.01 1 0 .01 22 10 
141 345 22. 1 7 7 . 94 22 8 
124 344 21. 97 5 . 93 22 6 
1 0 9 345 22.08 3.91 22 4 
96 343 22.10 1.97 22 2 
83 341 21.96 - . 08 22 0 
82 318 19.95 -.14 20 0 
95 3 21 20 . 17 1.95 20 2 
108 321 20.15 3.92 20 4 
1 23 320 20.10 5.91 20 6 
140 320 20.14 8. 0 2 20 8 
158 318 20 . 01 9.99 20 10 
177 316 20 . 02 11.98 20 12 
197 3 15 20.15 13.98 20 14 
218 311 20.03 16.05 20 16 
238 308 20.05 17 . 92 20 18 
261 304 20.00 20.11 20 20 
281 300 20.04 21.94 20 22 
304 295 19 . 97 23.99 20 24 
300 269 18 . 03 24 . 08 18 24 
279 273 18.00 22.03 18 22 
258 277 18 . 00 20.05 18 20 
236 281 18.02 18 . 00 18 18 
215 285 18 . 02 15 . 97 18 16 
195 288 18.04 13.94 18 14 
176 291 18 .09 12.01 18 12 
157 293 18.02 9 . 99 18 10 
138 296 18.16 7 . 85 18 8 
122 2 9 7 18.10 5.91 18 6 
107 297 18.02 3.81 18 4 
94 297 18.04 1.83 18 2 
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Table 5. Continued
Screen x Screen v GT_JC^ GT_i:c G.T_JC3
82 297 18.05 -.17 18 0
296 244 16.09 24.01 16 24
275 248 16.04 22.00 16 22
255 251 15.95 19.97 16 20
234 255 16.00 17.99 16 18
213 259 16.02 15.92 16 16
193 262 16.00 13.90 16 14
175 266 16.10 12.06 16 12
156 268 16.03 9.98 16 10
138 270 15.99 7.93 16 8
122 273 16.12 5.94 16 6
107 274 16.03 3.79 16 4
95 275 16.05 1.94 16 2
83 276 16.06 -.03 16 0
84 254 13.92 -.04 14 0
96 253 13.97 1.92 14 2
108 252 14.00 3.78 14 4
124 251 14.17 6.08 14 6
139 247 14.05 8.02 14 8
156 243 13.97 10.05 14 10
174 241 14.04 12.05 14 12
193 237 13.97 14.07 14 14
212 234 14.02 15.97 14 16
231 231 14.06 17.94 14 18
252 227 14.05 20.02 14 20
274 224 14.10 22.25 14 22
292 220 13.99 23.94 14 24
287 196 11.94 23.92 12 24
269 200 12.00 22.05 12 22
249 203 11.95 19.99 12 20
229 207 12.02 17.92 12 18
210 210 11.95 15.95 12 16
192 213 11.93 14.06 12 14
173 217 11.97 11.98 12 12
155 221 12.00 9.90 12 10
139 225 12.06 7.89 12 8
124 229 12.14 5.88 12 6
284 175 9.98 23.91 10 24
266 178 10.00 22.09 10 22
246 182 9.98 19.91 10 20
228 186 10.07 18.03 10 18
210 188 9.95 16.08 10 16
191 192 9.99 14.02 10 14
169 196 9.95 11.54 10 12
156 199 9.94 9.98 10 10
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Table 5. Continued
een x Screen v <?T Xc GT Y, GT X, GT V_
141 203 9.99 8.04 10 8
281 156 8.07 24.04 8 24
263 159 8.03 22.08 8 22
245 162 7.99 20.00 8 20
226 166 8.06 17.96 8 18
209 169 8.06 16.09 8 16
190 172 8.00 13.96 8 14
173 175 7.93 11.98 8 12
98 233 12.04 2.01 12 2
111 231 12.07 4.04 12 4
85 235 12.03 -.14 12 0
125 208 10.10 5.81 10 6
113 210 10.01 4.06 10 4
100 213 10.03 2.06 10 2
87 215 9.96 -.13 10 0
90 196 7.89 -.01 8 0
101 194 7.95 1.86 8 2
115 191 8.03 4.05 8 4
127 188 8.05 5.84 8 6
142 184 8.03 7.97 8 8
157 179 7.92 9.99 8 10
277 137 5.97 23.90 6 24
261 140 6.02 22.13 6 22
243 142 5.86 20.08 6 20
225 147 6.05 17.98 6 18
208 149 5.92 16.04 6 16
189 153 5.93 13.83 6 14
174 157 6.00 12.04 6 12
158 161 5.96 9.93 6 10
143 166 6.02 7.88 6 8
274 120 4.00 23.96 4 24
258 123 4.02 22.10 4 22
240 126 3.99 19.91 4 20
224 130 4.10 18.01 4 18
207 132 3.97 15.97 4 16
190 135 3.89 13.93 4 14
174 139 3.91 11.88 4 12
160 144 4.05 10.01 4 10
145 148 3.94 7.85 4 8
270 104 1.88 23.90 2 24
256 107 1.90 21.99 2 22
239 110 1.94 20.00 2 20
224 113 1.97 18.08 2 18
207 116 1.96 16.04 2 16
190 119 1.85 13.85 2 14
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Table 5. Continued
Screen x Screen v GT GT GT x^ GT
175 123 1..89 11,.86 2 12
162 127 1..95 10..07 2 10
267 92 4.07 23..70 0 24
254 94 (.07 22..17 0 22
237 96 ^ i.09 19..90 0 20
222 99 t.06 17..96 0 18
207 102 i.04 16..05 0 16
191 105 1.10 13..90 0 14
177 108 1.16 11..96 0 12
164 112 1.09 10..08 0 10
average x error =« .02
average y error = .02
standard deviation of X = .16
standard deviation of y = .10
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SUMMARY AND CONCLUSIONS
A computer vision system was developed to monitor the
operation of a gravity table. The system included a black
and white camera, digitization hardware, an AT-compatible
computer, a VCR, and a monitor. The system was programmed to
track the movement of small plastic balls that were dropped
onto the deck. The plastic balls were lighter than the corn
and hence would move with the light fraction of the corn.
The position of the ball, as it was tracked, was used to
determine if the gravity table was set correctly.
The track-ball routine placed red dots on the screen as
it tracked the ball, thus providing an easy way to check the
accuracy of the track-ball routine as demonstrated in Figures
12 through 18-
As the ball was tracked, the coordinates of the ball's
locations at different times were recorded. The coordinates
on the screen however, are not very useful to the operator
because the same path on the gravity table will produce a
different path on the screen if the camera's orientation is
changed. To convert the screen coordinates to a more useful
system, a coordinate conversion software was written to
convert the coordinates on the screen to coordinates on the
gravity table. Separate algorithms were written for the
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normal lens and for the wide-angle lens.
The algorithm for the conversion used a set of points
for which both the gravity table and screen coordinates were
known. Then using the theoretical relationship between image
coordinates and the real-world coordinates, the calibration
matrix was determined. Since it is impossible to get points
with perfect relationships due to distortion in the lens and
human error in the calibration of the points, there was some
residual error in the conversion. This error was determined
by finding the calculated position of the known points and
subtracting it from the actual position.
Future improvements in the ball-tracking algorithm
should include: checking the threshold on all four sides of
the ball instead of just two which would provide more
tolerance to foreign objects on the deck. A method of using
an irregular shape out-of-bounds-area, in lieu of the
rectangle used in this program, can take into account the
distorted edge of the gravity table in the image space for
checking when the ball leaves the valid screen area. This
can be accomplished by utilization of a look-up table.
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Table Al. Coordinates Produced by Conversion Program
Screen x Screen v GT ^ GT V Time
216 192 10.42 16.70 144
214 194 10.57 16.50 3
216 194 10.61 16.65 0
215 198 10.96 16.56 2
214 203 11.39 16.41 3
213 206 11.64 16.29 3
213 216 12.51 16.24 9
214 217 12.62 16.30 1
213 217 12.60 16.23 0
212 228 13.50 16.04 9
212 231 13.75 16.02 0
213 231 13.79 16.10 1
210 239 14.39 15.78 5
212 239 14.43 15.96 0
211 243 14.74 15.86 1
209 246 14.94 15.63 3
211 247 15.10 15.86 0
210 250 15.28 15.70 1
208 250 15.27 15.50 0
210 250 15.28 15.70 0
209 255 15.68 15.57 0
206 273 17.03 15.15 13
204 274 17.08 14.93 0
206 278 17.39 15.12 3
204 282 17.66 14.91 2
205 285 17.92 14.98 3
205 287 18.07 14.97 0
204 289 18.27 14.85 0
205 288 18.20 14.97 0
204 292 18.45 14.82 2
205 291 18.42 14.95 0
203 295 18.66 14.69 1
203 296 18.73 14.74 0
201 297 18.82 14.50 0
203 296 18.73 14.74 0
201 296 18.75 14.52 0
199 300 19.00 14.29 0
199 300 19.00 14.29 0
199 304 19.34 14.29 0
199 304 19.34 14.29 0
200 303 19.27 14.36 0
200 307 19.54 14.35 0
202 307 19.51 14.54 0
200 307 19.54 14.35 0
201 307 19.55 14.44 0
Table Al. Continued
/ j
Screen x Screen v GT X GT V Time
200 310 19,.73 14..31 0
200 310 19,.73 14 .31 0
200 309 19,.64 14 .33 0
200 315 20..12 14 .29 0
202 315 20,.08 14 .48 0
199 319 20,.41 14 .17 2
198 324 20,.75 13 .97 2
198 322 20..60 13 .99 1
197 325 20,.82 13 .86 0
197 326 20,.90 13,.94 0
198 325 20,.77 14 .00 0
198 325 20,.77 14,.00 0
198 329 21,.13 14,.05 0
194 334 21,.61 13..51 1
196 334 21,.49 13..69 0
195 334 21,.61 13,.61 0
195 334 21,.61 13..61 0
195 338 21,.82 13,.61 0
195 339 21,.88 13,.59 0
196 340 22,.05 13,.69 0
194 342 22,.09 13,.50 0
195 342 22..13 13,.51 0
194 345 22,.31 • 13..41 0
194 345 22..31 13..41 0
196 345 22..28 13..64 0
196 349 22..59 13..51 1
195 349 22..58 13..41 0
194 353 23..09 13..34 0
195 354 23..18 13..43 0
193 355 23,.18 13..25 0
193 358 23,.26 13..31 0
194 357 23,.18 13,.32 0
192 358 23..28 13,.19 0
192 358 23..28 13,.19 0
195 359 23.,34 13,.40 0
193 362 23..56 13.,27 0
192 362 23,,50 13..18 0
192 365 24..01 13..03 1
189 365 23.,93 12.,75 0
190 366 23..88 12..89 0
191 368 24. 00 12..95 0
189 368 24. 00 12. 75 0
189 371 24.,14 12, 83 0
190 372 24.,45 12. 77 0
189 376 24. 59 12. 57 3
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Table Al. Continued
Screen x Screen v GT X GT V Time
189 376 24.59 12.57 0
188 381 25.00 12.46 3
187 384 25.44 12.37 1
188 385 25.25 12.50 0
185 383 25.35 12.18 0
188 387 25.59 12.37 0
186 391 25.93 12.23 2
186 391 25.93 12.23 1
185 393 25.73 12.14 0
184 395 26.37 11.90 0
184 396 26.32 12.06 0
184 400 26.66 11.99 2
182 404 26.80 11.66 2
179 406 26.95 11.33 1
181 406 26.96 11.53 1
181 406 26.96 11.53 0
180 407 27.20 11.79 0
180 410 27.51 11.29 2
180 410 27.51 11.29 0
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Table A2. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT y Time
220 191 10.38 17.13 64
220 189 10.20 17.13 1
224 192 10.56 17.52 5
224 194 10.75 17.50 8
223 207 11.91 17.32 14
219 225 13.39 16.80 19
219 224 13.30 16.81 0
221 225 13.42 16.98 0
221 225 13.42 16.98 0
218 228 13.61 16.65 0
218 229 13.72 16.61 0
219 228 13.63 16.75 1
217 233 14.02 16.54 2
216 236 14.25 16.42 0
217 238 14.43 16.51 0
215 240 14.55 16.28 0
215 240 14.55 16.28 0
216 241 14.64 16.38 1
214 245 14.95 16.13 0
217 244 14.91 16.44 0
217 249 15.29 16.37 0
218 248 15.22 16.48 0
215 247 15.12 16.23 0
218 247 15.14 16.49 0
217 251 15.46 16.37 0
214 252 15.50 16.06 0
214 251 15.42 16.07 0
214 255 15.74 16.07 0
214 256 15.81 16.06 0
213 256 15.78 15.95 0
213 260 16.10 15.96 0
213 260 16.10 15.96 0
211 260 16.06 15.72 0
211 259 16.01 15.72 0
211 263 16.27 15.69 0
211 263 16.27 15.69 0
209 263 16.32 15.51 0
210 263 16.29 15.60 0
208 268 16.67 15.39 0
208 273 17.06 15.35 6
208 274 17.13 15.34 0
207 274 17.12 15.24 0
206 278 17.39 15.12 0
207 277 17.35 15.22 0
207 278 17.43 15.22 0
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Table A2. Continued
Screen x Y GT X GT V Time
207 279 17,50 15.24 0
206 282 17.70 15.09 0
205 285 17.92 14.98 0
207 285 17.97 15.17 0
206 286 18.01 15.08 0
205 287 18.07 14.97 0
206 286 18.01 15.08 0
204 290 18.32 14.87 0
204 289 18.27 14.85 0
203 290 18.30 14.77 0
203 293 18.51 14.71 0
204 294 18.59 14.85 0
203 294 18.59 14.70 0
204 295 18.66 14.85 0
205 297 18.79 14.92 0
203 298 18.86 14.68 0
203 296 18.73 14.74 0
202 297 18.78 14.59 0
203 299 18.99 14.68 0
202 301 19.13 14.57 0
202 301 19.13 14.57 0
202 303 19.30 14.59 0
203 304 19.31 14.63 0
202 303 19.30 14.59 0
202 304 19.36 14.55 0
201 308 19.58 14.44 0
201 308 19.58 14.44 0
202 308 19.59 14.54 0
202 312 19.87 14.49 0
201 312 19.86 14.39 0
201 312 19.86 14.39 0
201 312 19.86 14.39 0
199 314 20.03 14.17 0
198 316 20.24 14.07 0
199 319 20.41 14.17 1
198 320 20.52 14.06 0
199 318 20.32 14.14 0
199 319 20.41 14.17 0
199 322 20.68 14.18 0
199 322 20.68 14.18 0
198 323 20.67 13.98 0
199 325 20.81 14.07 0
199 325 20.81 14.07 0
198 326 20.88 14.01 0
198 327 20.98 14.07 0
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Table A2. Continued
Screen x Screen v QT X GT V Time
199 330 21.27 14.05 0
199 328 21.14 14.09 0
200 329 21.17 14.14 0
200 330 21.26 14.12 0
200 333 21.44 14.09 2
200 338 21.88 14.08 0
201 337 21.75 14.21 1
200 337 21.81 14.10 0
198 337 21.80 13.89 0
200 341 22.09 14.06 0
199 340 21.98 14.00 0
198 341 22.05 13.89 0
201 343 22.26 14.07 0
199 343 22.27 13.95 0
199 344 22.26 13.91 0
200 345 22.31 14.03 0
199 347 22.50 13.87 0
199 348 22.53 13.92 0
198 348 22.54 13.86 0
197 349 22.60 13.73 0
199 352 22.93 13.86 1
197 353 22.89 13.59 0
200 355 23.11 13.91 1
199 355 23.11 13.87 0
198 359 23.48 13.70 1
199 359 23.50 13.81 0
198 360 23.56 13.70 0
198 363 23.69 13.67 0
198 364 23.81 13.76 0
199 363 23.70 13.77 0
199 367 23.95 13.73 1
197 367 24.24 13.48 0
200 370 24.15 13.77 0
197 366 23.99 13.57 0
198 370 24.14 13.58 0
199 370 24.14 13.67 0
198 370 24.14 13.58 0
197 371 24.26 13.50 0
198 373 24.56 13.52 0
197 374 24.59 13.44 0
199 377 24.81 13.66 2
197 379 24.93 13.41 0
198 382 25.06 13.51 0
196 382 25.20 13,26 0
196 385 25.54 13.27 2
Table A2• Continued
/o
Screen x Screen v GT X GT V Time
194 389 25.78 13.04 1
193 389 25.71 12.95 0
193 393 25,96 12.96 4
194 397 26.23 12.95 1
193 397 26.07 12.96 0
193 400 26.53 12.79 1
191 401 26.96 12.67 0
193 400 26.53 12.79 0
191 404 26.86 12.60 0
192 404 27.05 12.69 0
190 409 27.15 12.44 2
190 413 27.73 12.43 4
188 416 27.81 12.26 0
188 415 27.73 12.27 0
189 415 27.60 12.29 0
188 419 28.31 12.23 0
188 419 28.31 12.23 0
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Table A3. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT V Time
215 197 10,.86 16 .55 74
211 211 12,.05 16 .06 14
209 223 13,.04 15 .75 9
209 223 13..04 15 .75 0
210 227 13,.41 15 .84 0
208 231 13.• 71 15 .63 2
204 240 14,.40 15 .16 4
202 239 14,.27 14 .96 0
202 241 14,.44 14 .94 0
201 244 14,.69 14 .82 0
202 245 14,.77 14 .92 0
200 252 15,.31 14 .69 2
200 252 15,.31 14 .69 0
198 259 15,.84 14 .44 3
199 263 16,.15 14 .51 0
195 260 15..86 14 .12 0
195 263 16..10 14 .10 0
196 264 16..19 14 .18 0
196 263 16..11 14 .20 0
194 268 16..49 13 .95 2
194 271 16..72 13 .95 0
194 272 16..80 13 .95 0
193 272 16..79 13 .85 0
192 276 17..12 13 .73 0
192 275 16..98 13 .76 0
191 275 16..99 13 .63 0
192 279 17..29 13 .70 0
192 287 17..91 13 .68 2
192 287 17,.91 13 .68 0
193 291 18..28 13 .74 0
189 288 17..98 13 .33 0
188 289 18..03 13 .25 0
188 293 18,.33 13 .22 0
184 305 19.,18 12 .74 7
184 308 19.,48 12 .73 1
187 312 19,,82 13 .00 0
187 315 20.,05 12 .99 0
183 317 20.,16 12 .58 2
180 321 20.,42 12 .26 1
180 323 20. 57 12 .24 0
179 326 20.,75 12 .10 1
175 341 21. 87 11 .59 10
176 349 22. 65 11 .64 0
175 345 22. 30 11 .53 0
174 351 22. 95 11 .45 0
Table A3. Continued
uu
Screen x Screen v GT X GT V Time
171 351 22.54 11.09 0
175 351 22.96 11.55 0
174 355 22.89 11.35 1
173 356 22.96 11.26 0
172 359 23.24 11.22 0
172 363 23.52 11.10 0
171 362 23.72 10.99 0
170 367 23.94 10.87 1
170 366 24.09 10.82 0
169 367 24.00 10.77 0
169 370 24.21 10.75 1
169 370 24.21 10.75 0
168 375 24.38 10.61 0
167 375 24.62 10.50 0
166 375 24.32 10.39 0
166 379 24.84 10.36 0
165 379 24.84 10.26 0
166 379 24.84 10.36 0
167 383 25.18 10.41 0
164 383 25.08 10.16 0
165 386 25.29 10.15 0
166 386 25.49 10.24 1
164 394 25.87 9.96 2
165 394 26.07 10.02 0
163 394 25.96 9.90 0
164 398 26.62 9.91 1
163 399 26.72 9.68 0
161 407 27,02 9.47 5
157 418 27.82 9,04 7
146 407 26.88 7.86 193
154 403 27.11 8.99 208
154 407 27.31 8.75 1
81
Table A4. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT Y Time
214 201 11.21 16.42 72
211 207 11,70 16.07 5
211 211 12.05 16.06 1
211 220 12.83 16.01 5
211 224 13.18 15.97 0
209 225 13.22 15.75 1
208 228 13.46 15.63 1
206 232 13.74 15.41 0
206 232 13.74 15,41 1
206 236 14.12 15.38 0
200 245 14.71 14.70 6
201 244 14.69 14.82 0
200 248 15.00 14.72 0
199 248 14.98 14.61 0
199 252 15.30 14.59 0
198 253 15.34 14,46 0
196 254 15.41 14.26 0
195 257 15.63 14.15 0
196 257 15.65 14.25 0
196 261 15.96 14.21 0
192 261 15.92 13.82 1
193 265 16.23 13.87 0
192 276 17.12 13.73 6
191 276 17.07 13.62 0
191 277 17.13 13.65 0
188 281 17.42 13.29 2
190 286 17.84 13.51 1
188 284 17.67 13.31 0
187 285 17.73 13.20 0
187 285 17.73 13.20 0
187 289 18.02 13.15 0
186 289 18.05 13.03 1
185 293 18.34 12.94 1
186 292 18.28 13.04 0
186 297 18.66 12,96 1
183 299 18.70 12.67 1
183 300 18.78 12.66 0
183 301 18.86 12.65 0
183 304 19.14 12.59 0
181 304 19.12 12.39 0
179 308 19.48 12.22 0
181 308 19.38 12.40 0
179 311 19.71 12.20 0
179 313 19.81 12.21 0
177 313 19.75 11.98 0
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Table A4. Continued
Screen x Screen v GT K GT V Time
179 317 20.11 12.12 0
176 321 20.34 11.80 2
177 321 20.47 11.92 0
176 325 20-56 11.86 0
172 329 21.01 11.35 3
173 333 21.27 11.42 0
170 333 21.28 11.13 1
171 337 21.61 11.17 0
171 342 22.00 11.12 2
168 343 22.14 10.85 0
170 346 22.20 11.00 1
168 350 22.45 10.78 0
166 350 22.59 10.59 0
167 349 22.42 10.67 0
167 354 22.75 10.69 0
165 354 22.99 10.41 0
166 359 23.20 10.57 0
166 358 23.12 10.58 0
165 358 23.12 10.47 0
164 362 23.52 10.19 0
163 362 23.61 10.18 1
162 366 24.06 10.06 0
162 366 24.06 10.06 1
159 385 25.19 9.57 13
156 401 26.17 9.08 8
156 402 26.59 9.15 0
154 406 27.22 8.77 1
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Table A5. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT V Time
221 195 10.78 17.18 172
221 198 11.06 17.17 2
221 198 11.06 17,17 0
223 201 11.36 17.36 6
223 201 11.36 17.36 0
224 201 11.37 17.45 0
224 204 11-65 17.45 0
225 204 11.67 17.55 0
223 207 11.91 17.32 2
225 207 11.93 17.53 0
224 207 11,90 17.41 0
225 207 11.93 17.53 1
224 210 12,19 17.40 0
227 217 12.84 17.64 9
226 217 12,82 17.54 0
224 217 12,79 17.34 0
225 220 13.09 17.41 2
225 220 13,09 17.41 0
225 220 13.09 17.41 0
223 223 13.28 17.20 0
224 223 13.29 17.30 0
225 225 13.47 17,38 0
225 224 13.37 17.38 0
225 225 13.47 17.38 0
225 226 13.55 17.37 0
226 228 13.74 17.47 0
225 227 13.64 17.36 0
225 231 13.96 17.34 1
225 230 13.88 17.34 0
224 230 13,86 17.24 0
225 233 14,13 17.31 1
224 232 14.03 17.22 0
224 233 14.11 17.21 0
224 236 14.37 17.18 0
224 238 14.54 17.21 0
227 244 15.04 17.44 7
226 244 15.03 17.35 0
225 245 15,06 17.23 0
225 248 15.32 17,21 1
225 247 15.24 17,18 0
224 250 15.48 17,08 3
225 255 15.87 17.14 0
226 255 15.88 17.24 0
225 255 15.87 17.14 0
225 255 15.87 17.14 0
Table A5. Continued
Screen x Screen v GT X GT V Time
223 255 15.84 16.94 0
223 255 15.84 16.94 0
225 255 15.87 17.14 0
221 265 16.60 16.66 6
220 265 16.58 16.60 0
220 268 16.86 16.54 4
219 269 16.84 16.46 0
220 268 16.86 16.54 1
221 272 17.13 16.60 0
221 272 17.13 16.60 0
220 273 17.23 16.49 0
220 275 17.35 16.48 1
220 274 17.27 16.49 0
218 275 17.31 16,30 0
218 279 17.63 16.28 0
217 279 17.62 16.19 0
217 278 17.55 16.20 0
218 278 17.56 16.29 0
217 278 17.55 16.20 0
217 282 17,81 16.18 0
217 281 17,78 16.16 0
219 283 17.91 16.37 0
218 285 18.06 16,23 0
215 284 18.03 15.99 0
217 286 18.14 16.16 0
215 285 18.02 15.97 0
215 286 18.12 15.94 0
215 285 18.02 15.97 0
216 287 18.22 16.04 0
215 289 18.34 15.92 0
215 289 18.34 15,92 0
215 291 18.49 15,92 0
216 292 18.57 16.01 0
216 292 18,57 16.01 0
215 295 18.73 15.89 0
216 295 18.79 15.98 0
215 296 18.87 15.87 0
215 296 18.87 15.87 0
216 297 18.94 15.97 0
214 301 19.26 15.71 0
214 300 19.24 15.79 0
214 301 19.26 15.71 0
216 301 19.22 15.92 0
214 304 19,49 15.76 0
214 305 19.57 15.75 0
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Table A5. Continued
Screen x Screen v QT GT V Time
215 307 19.73 15.83 0
215 307 19.73 15.83 0
213 308 19.71 15.63 0
213 307 19.70 15.66 0
213 309 19.81 15.62 0
213 308 19.71 15.63 0
213 310 19.90 15.53 0
213 311 20.03 15.58 0
213 310 19.90 15.53 0
212 312 20.10 15.47 0
212 313 20.17 15.46 0
213 315 20.34 15.53 0
211 315 20.24 15.34 0
213 314 20.18 15.54 0
213 318 20.49 15.49 0
211 318 20.48 15.33 0
213 318 20.49 15.49 0
210 321 20.71 15.19 0
210 321 20.71 15.19 0
211 321 20.72 15.28 0
209 325 20.93 15.17 0
209 327 21.21 15.03 0
210 325 20.87 15.11 0
209 327 21.21 15.03 0
210 327 21.08 15.17 0
210 329 21.26 15.15 0
210 329 21.26 15.15 0
210 330 21.34 15.14 0
211 329 21.35 15.27 0
210 334 21.66 15.03 0
208 332 21.53 14.93 0
208 332 21.53 14.93 0
209 333 21.52 15.02 0
206 335 21.71 14.64 0
207 335 21.68 14.87 0
207 336 21.76 14.86 0
207 339 21.96 14.74 0
207 340 21.99 14.76 0
207 339 21.96 14.74 0
208 341 22.07 14.85 0
208 342 22.25 14.84 0
208 343 22.29 14.89 0
210 345 22.43 14.91 0
209 346 22.50 14.80 0
209 347 22.57 14.79 0
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Table A5. Continued
Screen x Screen v GT X GT V Time
208 347 22.72 14.75 0
209 347 22.57 14.79 0
208 347 22.72 14.75 0
208 350 22.78 14.78 0
207 351 22.81 14.68 0
208 350 22.78 14.78 0
208 354 23.15 14.67 0
207 354 23.15 14.57 0
208 353 23.00 14.79 0
207 356 23.30 14.56 0
207 357 23.37 14.55 0
207 357 23.37 14.55 0
206 357 23.36 14.45 0
207 359 23.45 14.60 0
206 361 23.56 14.46 0
206 361 23.56 14.46 0
205 364 23.80 14.34 0
205 365 23.82 14.30 0
206 365 23.98 14.41 0
205 366 24.09 14.36 0
205 369 24.32 14.27 0
205 373 24.60 14.29 1
202 377 24.84 13.94 5
202 376 24.64 13.93 0
201 380 25.07 13.77 0
202 379 24.91 13.89 1
199 381 25.24 13.60 0
200 381 25.24 13.70 1
200 384 25.37 13.63 0
199 383 25.29 13.54 0
197 384 25.36 13.34 0
198 384 25.36 13.44 0
193 398 26.50 12.81 13
190 404 27.02 12.61 7
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Table A6. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT V Time
218 191 10.36 16,93 51
219 188 10.11 17.04 0
218 192 10.46 16.92 1
218 190 10.28 16.92 0
218 190 10.28 16.92 0
220 189 10.20 17.13 0
219 189 10.18 17,03 0
219 192 10.48 17.01 0
218 191 10.36 16.93 0
218 193 10.54 16,90 0
220 193 10.59 17.09 0
219 192 10,48 17.01 0
218 194 10.63 16.87 0
218 197 10.92 16.88 0
218 196 10.82 16,84 0
217 196 10.79 16,75 0
218 197 10.92 16,88 0
219 200 11,19 16,94 0
216 201 11.25 16.63 0
217 199 11.07 16.76 0
218 199 11.08 16.86 0
218 202 11.37 16.83 0
218 201 11.28 16,84 0
218 202 11.37 16.83 0
219 203 11.46 16.92 0
217 202 11.35 16.73 0
216 202 11,34 16.62 0
219 205 11.66 16-91 0
218 206 11.74 16.80 0
217 206 11.72 16.72 0
218 205 11,65 16.81 0
218 207 11.83 16,81 1
220 210 12,13 17.00 1
218 209 12.00 16.79 1
218 212 12,26 16,76 1
218 212 12,26 16,76 0
218 216 12,61 16.73 0
218 216 12.61 16,73 1
216 215 12.48 16.52 0
216 216 12.57 16,52 0
217 217 12.68 16,62 0
216 218 12.73 16.52 0
217 219 12.83 16.62 0
217 219 12,83 16.62 0
220 220 13.01 16.91 0
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Table A6. Continued
Screen x Screen v GT n GT V Time
220 223 13.23 16.92 1
217 223 13.17 16.59 0
218 225 13.37 16.67 1
220 226 13.49 16.90 0
218 226 13.46 16.70 0
218 228 13.61 16.65 0
218 228 13.61 16.65 0
219 229 13.71 16.74 0
218 229 13.72 16.61 0
217 229 13.68 16.54 0
217 233 14.02 16.54 0
218 233 14.04 16.64 0
217 233 14.02 16.54 0
218 233 14.04 16.64 0
216 233 14.01 16.39 0
218 233 14.04 16.64 0
217 235 14.19 16.48 0
218 236 14.28 16.57 0
217 236 14.27 16.52 0
218 235 14.20 16.63 0
219 239 14.52 16.65 0
216 239 14.47 16.36 0
217 238 14.43 16.51 0
215 241 14.64 16.24 2
216 241 14.64 16.38 0
214 243 14.79 16.14 0
215 247 15.12 16.23 0
214 245 14.95 16.13 0
215 247 15.12 16.23 0
214 247 15.11 16.13 0
216 250 15.37 16.30 2
214 250 15.38 16.14 0
213 250 15.33 15.98 0
214 253 15.56 16.07 0
213 253 15.58 15.97 0
213 255 15.72 15.97 0
212 255 15.69 15.86 0
212 256 15.77 15.85 0
212 257 15.85 15.84 0
211 257 15.83 15.74 0
212 261 16.17 15.79 0
212 261 16.17 15.79 0
211 263 16.27 15.69 0
212 264 16.40 15.83 0
212 265 16.48 15,82 0
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Table A6. Continued
Screen x Screen v GT X GT V Time
212 264 16,40 15.83 0
212 265 16.48 15.82 0
212 267 16.63 15.80 0
211 268 16.70 15.69 0
209 267 16.64 15.49 0
211 267 16.66 15.69 1
210 271 16.93 15.56 0
210 271 16.93 15.56 0
210 270 16.85 15.57 0
210 273 17.08 15.55 0
210 272 17.01 15.55 0
209 274 17.15 15.44 0
210 277 17.38 15.52 0
210 279 17.54 15.51 0
209 280 17.60 15.43 0
209 279 17.53 15.41 0
210 279 17.54 15.51 0
208 279 17.51 15.34 0
209 281 17.68 15.42 0
208 282 17.74 15.32 0
209 282 17.75 15.41 0
208 285 17.96 15.27 0
207 285 17.97 • 15.17 0
208 285 17.96 15.27 0
207 287 18.11 15.13 0
208 286 18.03 15.26 0
207 288 18.15 15.13 0
207 289 18.23 15.12 0
207 289 18.23 15.12 0
207 292 18.48 15.14 0
207 293 18.55 15.13 0
207 292 18.48 15.14 0
207 294 18.60 15.14 0
207 298 18.90 15.12 0
207 298 18.90 15.12 0
205 297 18.79 14.92 0
206 296 18.73 15.03 0
206 300 19.04 15.02 0
205 300 19.04 14.90 0
205 303 19.25 14.83 0
205 303 19.25 14.83 0
203 305 19.39 14.70 0
205 305 19.44 14.82 0
204 307 19.54 14.70 0
204 307 19.54 14.70 0
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Table A6. Continued
Screen x Screen v GT X GT V Time
202 309 19.72 14.55 0
203 309 19.68 14.64 0
203 311 19.80 14.59 0
201 316 20.21 14.37 0
201 312 19.86 14.39 0
201 316 20.21 14.37 0
201 316 20.21 14.37 0
202 315 20.08 14.48 0
201 315 20,15 14.37 0
200 319 20,40 14.23 0
201 318 20.34 14.33 0
201 317 20.26 14.34 0
202 321 20.52 14.42 0
202 321 20.52 14.42 0
201 322 20.59 14.32 0
202 321 20.52 14.42 0
202 326 20.98 14.35 0
202 326 20.98 14.35 0
203 326 20.99 14.45 0
205 330 21.16 14.66 0
203 329 21.20 14.47 0
200 330 21.26 14.12 0
202 330 21.27 14.36 0
202 331 21.34 14.35 0
201 334 21.55 14.22 0
201 332 21.38 14.20 0
202 333 21.48 14.32 0
201 334 21.55 14.22 0
200 336 21.71 14.07 0
200 335 21.64 14.07 0
202 335 21.61 14.32 0
201 339 21.95 14.17 0
199 340 21.98 14.00 0
202 339 21.91 14.27 0
200 340 21.99 14.09 0
199 340 21.98 14.00 0
198 343 22.18 13.82 0
198 343 22.18 13.82 0
197 343 22.22 13.75 0
198 343 22.18 13.82 0
199 345 22.44 13.88 0
199 344 22.26 13.91 0
198 347 22.49 13.77 0
198 347 22.49 13.77 0
198 346 22.49 13.82 0
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Table A6. Continued
Screen x Screen v GT X GT V Time
198 349 22.66 13.79 0
197 349 22.60 13.73 0
198 352 22.90 13.74 0
197 349 22.60 13.73 0
196 353 22.89 13.49 0
197 353 22.89 13.59 0
197 353 22.89 13.59 0
197 357 23.20 13.61 0
196 357 23.20 13.52 0
196 357 23.20 13.52 0
197 357 23.20 13.61 0
196 361 23.72 13.46 0
196 361 23.72 13.46 0
197 361 23.62 13.59 0
196 360 23.43 13.49 0
196 365 23.80 13.55 0
195 364 23.85 13.36 0
196 365 23.80 13 .55 0
195 368 24.23 13.29 0
195 367 23.95 13.44 0
194 369 24.28 13.31 0
193 368 24.13 13.17 0
192 368 24.00 13.05 0
192 371 24.42 13.00 0
191 372 24.45 12.87 0
189 372 24.22 12.82 0
191 371 24.30 12.90 0
191 372 24.45 12.87 0
189 375 24.51 12.58 0
189 375 24.51 12.58 0
191 377 24.71 12.76 0
190 378 24.93 12.72 1
190 378 24.93 12.72 0
189 382 25.05 12.62 0
188 382 25.05 12.52 0
189 382 25.05 12.62 0
188 382 25.05 12.52 0
187 386 25.51 12.28 0
186 385 25.51 12.26 1
187 386 25.51 12.28 0
185 386 25.54 12.21 0
187 389 25.56 12.41 0
186 390 25.72 12.24 0
185 390 25.85 12.14 0
183 390 25.80 11.99 0
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Table A6. Continued
Screen x Screen v PT X GT V Time
184 393 25.92 12.02 2
184 394 26.17 12.00 0
186 396 26.15 12.18 0
184 400 26.66 11.99 2
183 400 26.66 11-89 0
180 404 26.85 11.46 5
177 409 27.15 11.21 1
180 408 27.12 11.41 0
177 411 27.72 11.34 1
176 413 27.70 10.95 0
177 417 27.91 11.12 0
177 415 27.97 11.15 0
175 414 27.50 10.81 1
174 419 28.09 10.82 0
173 419 28.14 10.83 0
173 423 28.32 10.62 0
173 421 28.15 10.83 0
172 418 28.06 10.74 0
170 423 28.63 10.20 0
171 423 28.63 10.30 1
171 426 28.88 10.27 2
170 427 28.63 10.27 0
167 430 29.23 10.19 0
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Table A7. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT V Time
212 191 10.26 16.30 64
218 202 11.37 16.83 23
217 201 11.26 16.73 1
218 201 11.28 16.84 0
215 204 11.50 16.51 1
217 204 11.53 16.71 0
217 205 11.63 16.72 0
217 208 11.90 16.70 0
217 208 11.90 16.70 0
220 208 11.94 16.99 1
217 208 11.90 16.70 0
218 209 12.00 16.79 0
219 212 12.29 16.88 0
219 212 12.29 16.88 0
218 211 12.17 16.77 0
219 215 12.54 16.84 0
216 215 12.48 16.52 1
217 214 12.41 16.63 0
218 216 12.61 16.73 0
217 218 12.77 16.61 0
217 218 12.77 16.61 0
217 217 12.68 16.62 0
217 221 13.00 16.60 0
217 221 13.00 16.60 0
219 221 13.08 16.80 0
218 221 13.02 16.70 2
218 221 13.02 16.70 0
217 221 13.00 16.60 0
219 221 13.08 16.80 0
219 223 13.23 16.79 0
218 224 13.29 16.68 0
218 224 13.29 16.68 0
219 223 13.23 16.79 0
217 227 13.50 16.55 0
217 227 13.50 16.55 0
216 227 13.49 16.45 0
216 226 13.41 16.48 0
218 230 13.77 16.63 0
220 230 13.81 16.84 0
217 234 14.11 16.53 3
218 234 14.12 16.63 0
218 234 14.12 16.63 0
220 237 14.39 16.76 3
218 236 14.28 16.57 0
218 240 14.59 16.56 0
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Table A7, Continued
Screen x Screen v GT X GT V Time
219 240 14,60 16.65 0
217 242 14.74 16.47 0
218 241 14.66 16.54 0
218 243 14.85 16.54 0
218 243 14.85 16.54 0
217 243 14.83 16.44 0
218 245 14.98 16.50 0
218 247 15.14 16.49 0
220 249 15.33 16.67 4
219 249 15.31 16.57 0
219 251 15.50 16.58 0
217 250 15.37 16.39 0
217 250 15.37 16.39 0
218 252 15.55 16.50 0
217 253 15.62 16.38 0
216 253 15.63 16.29 0
216 257 15.91 16.28 0
216 257 15.91 16.28 0
215 257 15.89 16.13 0
216 257 15.91 16.28 0
216 258 15.99 16.23 0
217 261 16.24 16.35 0
216 261 16.22 16.25 0
216 262 16.30 16.18 0
216 261 16.22 16,25 0
215 265 16.48 16.07 0
214 264 16.39 15.98 0
214 264 16.39 15.98 0
215 264 16.40 16.08 0
215 266 16.59 16.11 0
215 264 16.40 16.08 0
216 270 16.94 16.16 0
215 266 16.59 16.11 0
213 271 16.93 15.87 0
215 270 16,92 16.06 0
213 270 16.84 15.83 0
212 271 16,92 15.77 0
212 274 17.15 15.75 0
212 274 17.15 15.75 0
210 275 17.24 15.53 0
211 275 17.23 15.63 0
211 279 17.54 15.62 0
211 279 17.54 15.62 0
212 281 17.72 15.66 0
210 279 17.54 15.51 0
Table A7. Continued
Screen x Screen v GT X QT Y Time
210 282 17.76 15.50 0
211 282 17.77 15.59 0
211 286 18.07 15.58 0
213 285 18.00 15.73 0
212 285 17,99 15.64 0
211 289 18.33 15.52 0
213 289 18.35 15.71 0
212 288 18.27 15.62 0
211 289 18.33 15.52 0
211 289 18.33 15,52 0
211 293 18.59 15.50 0
212 293 18.63 15,63 0
211 293 18.59 15.50 0
209 295 18.70 15.28 0
209 298 18.98 15.26 0
209 297 18.91 15.26 0
209 297 18.91 15.26 0
209 300 19.07 15.24 0
210 300 19.14 15,34 0
210 300 19.14 15.34 0
210 304 19.45 15.34 0
209 304 19.37 15,21 0
212 308 19.74 15.51 3
208 312 19.97 15.09 0
208 312 19.97 15.09 0
208 314 20.11 15.08 0
207 313 20.02 14.98 0
208 312 19.97 15.09 0
207 315 20.24 14.98 1
206 315 20.23 14.88 0
206 315 20.23 14.88 0
207 316 20.32 14.97 0
205 318 20.45 14.74 0
204 317 20.33 14.68 0
205 318 20.45 14.74 0
206 322 20.70 14.81 0
204 322 20.69 14.59 0
204 321 20.61 14.62 0
205 321 20.62 14.72 0
205 321 20.62 14,72 0
204 324 20.75 14.56 0
204 325 21,01 14.59 0
203 326 20.99 14.45 0
203 326 20,99 14.45 0
205 325 20.87 14.73 0
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Table A7. Continued
Screen x Screen v <?T X GT V Time
204 325 21.01 14.59 0
204 328 21.13 14.57 0
204 328 21.13 14.57 0
205 329 21.16 14.64 0
204 332 21.30 14,54 0
203 331 21.35 14.45 0
203 333 21.43 14,39 0
204 335 21.62 14,52 0
203 333 21.43 14.39 0
203 335 21.69 14.40 0
203 335 21.69 14.40 0
201 335 21.65 14.17 0
201 335 21.65 14,17 0
203 339 22.00 14.40 0
203 339 22.00 14,40 0
201 339 21.95 14.17 0
201 339 21.95 14.17 0
201 343 22.26 14.07 0
200 341 22,09 14.06 0
199 343 22.27 13.95 0
199 342 22.15 13.93 0
199 345 22.44 13,88 0
198 346 22.49 13,82 0
198 347 22.49 13,77 0
199 349 22.60 13.92 0
197 350 22.67 13,60 0
197 353 22.89 13.59 0
197 353 22.89 13.59 0
198 354 23.01 13,71 0
198 354 23.01 13,71 0
198 357 23.09 13.76 0
198 359 23.48 13.70 0
196 358 23,27 13.51 0
198 359 23.48 13,70 0
197 362 23,61 13.58 0
196 362 23.67 13.56 0
195 363 23.81 13,39 0
196 367 23.94 13.41 0
198 365 23.82 13.64 0
195 369 24.22 13.36 0
195 369 24.22 13.36 0
196 371 24.33 13.42 0
195 368 24.23 13.29 0
197 369 24.23 13.55 0
194 371 24.32 13.23 0
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Table A7. Continued
Screen x Screen v GT X GT V Time
195 373 24.27 13.30 0
193 373 24.42 13.00 0
193 373 24.42 13.00 0
195 373 24.27 13.30 0
193 375 24.57 12.98 0
192 377 24.75 12.96 0
193 378 24.83 13.05 0
192 380 25.26 12.94 0
191 381 25.20 12.68 0
192 382 25.25 12.88 1
192 383 25.33 12.87 0
194 385 25.35 12.97 0
191 386 25.49 12.77 1
190 387 25.60 12.68 0
189 391 25.80 12.53 3
189 392 26.02 12.51 0
189 392 26.02 12.51 0
184 398 26.38 12.04 5
185 397 26.30 12.15 1
183 401 26.63 11.88 0
185 403 26.79 12.12 0
184 403 26.79 11.96 0
182 405 26.88 11.65 0
182 405 26.88 11.65 0
181 405 26.88 11.54 0
181 409 27.12 11.62 0
182 410 27.51 11.49 0
182 411 27.84 11.51 0
181 409 27.12 11.62 0
181 413 27.77 11.54 1
183 414 27.47 11.66 0
179 416 28.04 11.34 0
180 416 28.07 11.41 0
179 420 28.71 11.21 0
180 418 27.98 11-20 0
177 420 27.89 11.09 0
177 419 27.81 11.10 0
178 423 28.55 11.07 0
176 422 28.48 10.88 0
176 423 28.64 10.91 0
175 425 28.41 10.79 0
175 424 28.33 10.80 0
175 425 28.41 10.79 0
175 426 28.49 10.76 0
175 428 28.65 10.74 0
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Table A7. Continued
Screen x Screen v GT x GT v Time
173 427 28.65 10.58 1
166 445 28.89 9.79 17
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Table A8. Coordinates Produced by Conversion Program
Screen x Screen v GT GT V Time
210 198 10.86 16.01 42
212 210 11.98 16.17 15
212 211 12.07 16.16 0
210 211 12.03 15.96 1
211 215 12.40 16.04 0
210 215 12.38 15.94 0
209 215 12.37 15.82 0
210 219 12.73 15.90 0
210 218 12.64 15.90 0
210 219 12.73 15.90 0
209 219 12.72 15.79 0
210 219 12.73 15.90 0
211 219 12.74 16.01 0
212 222 13.03 16.08 0
212 225 13.24 16.04 2
209 225 13.22 15.75 0
210 225 13.24 15.86 0
209 229 13.56 15.73 0
208 228 13.46 15.63 0
209 229 13.56 15.73 0
209 229 13.56 15.73 0
209 231 13.70 15.71 0
209 233 13.91 15.71 0
209 233 13,91 15.71 1
208 237 14.21 15.59 2
209 239 14.37 15.67 2
207 239 14.34 15.47 0
208 238 14.29 15.59 0
207 238 14.28 15.48 0
208 239 14.36 15.57 1
210 241 14.55 15.76 1
208 242 14.62 15.55 0
208 242 14.62 15.55 0
209 244 14.80 15.64 1
207 244 14.77 15.44 0
208 245 14.85 15.52 0
207 245 14.84 15.42 0
208 250 15.27 15.50 0
207 247 15.00 15.41 0
207 251 15.34 15.39 1
206 249 15.14 15.30 0
205 251 15.31 15.19 0
206 252 15.35 15.27 0
205 255 15.58 15.15 0
206 255 15.61 15.26 0
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Table A8. Continued
Screen x Screen v GT X GT V Time
204 255 15.56 15.04 0
204 257 15.74 15.02 0
205 255 15.58 15.15 0
205 259 15,90 15.13 0
205 259 15.90 15.13 0
205 259 15.90 15.13 0
206 259 15.92 15.23 0
206 259 15.92 15.23 0
204 259 15.93 15.05 0
205 261 16.09 15.11 0
207 262 16.17 15.31 0
205 263 16.22 15.10 0
203 265 16.39 14.90 0
204 263 16.23 15.00 0
205 264 16.30 15.09 0
206 276 17.26 15.11 14
205 278 17.40 15.05 0
204 278 17.39 14.95 0
204 278 17.39 14.95 0
203 278 17.37 14.85 0
204 279 17.46 14.94 0
202 283 17.75 14.69 0
203 282 17.67 14.81 0
203 282 17.67 14.81 0
203 286 17.97 14.80 0
204 286 17.98 14.87 0
202 284 17.83 14.70 0
201 286 17.93 14.59 0
202 290 18.22 14.66 0
201 289 18.20 14.57 0
201 289 18,20 14.57 0
201 293 18.44 14.53 0
201 291 18.29 14.54 0
200 293 18.43 14.43 0
200 292 18.35 14.44 0
201 293 18,44 14.53 0
200 296 18.74 14.42 0
202 296 18.72 14.64 0
201 299 18.97 14.48 0
200 300 19.02 14.40 0
199 301 19.11 14.28 0
198 301 18.98 14.19 0
199 302 19.18 14.27 0
197 303 19.14 14.07 0
196 304 19.25 13.97 0
101
Table AS. Continued
Screen x Screen v <?T X GT V Time
197 304 19.26 14.09 0
197 304 19.26 14.09 0
196 307 19.50 13.98 0
196 307 19.50 13.98 0
197 306 19.43 14.08 0
195 310 19.72 13.82 0
195 311 19.79 13.81 0
196 310 19.73 13.93 0
196 311 19.80 13.91 0
196 311 19.80 13.91 0
195 313 19.95 13.80 0
195 314 20.02 13.77 0
195 314 20.02 13.77 0
196 315 20.16 13.88 0
195 318 20.32 13.74 0
193 318 20.32 13.56 0
193 319 20.39 13.55 0
194 318 20.25 13.66 0
193 322 20.62 13.52 0
193 322 20.62 13.52 0
193 322 20.62 13.52 0
193 325 20.86 13.53 0
193 324 20.77 13.51 0
191 325 20.85 13.31 0
193 325 20.86 13.53 0
192 326 20.92 13.39 0
191 328 21.02 13.28 0
192 328 21.03 13.38 0
192 328 21.03 13.38 0
191 332 21.32 13.25 0
191 332 21.32 13.25 0
193 333 21.52 13.42 0
192 332 21.44 13.32 0
191 335 21.55 13.23 0
192 336 21.63 13.32 0
191 337 21.70 13.21 0
191 339 21.88 13.17 0
190 340 21.95 13.07 0
190 344 22.22 13.03 0
189 343 22.14 12.92 0
189 344 22.31 12.97 0
190 344 22.22 13.03 0
190 343 22.15 13.02 0
190 343 22.15 13.02 0
189 347 22.56 12.97 0
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Table A8. Continued
•een x Screen v GT X QT Y Ti:
189 346 22.45 12.91 0
188 347 22.53 12.84 0
188 351 22.65 12.77 0
188 349 22.42 12.82 0
190 349 22.60 13.04 0
187 351 22.85 12.74 0
187 351 22.85 12.74 0
188 354 23.13 12,74 0
187 354 22.90 12.59 0
187 355 23.14 12,73 0
187 358 23.13 12,63 0
188 357 23.06 12,73 0
187 357 23.05 12.63 0
186 361 23.46 12.48 0
187 357 23,05 12.63 0
186 359 23.20 12.52 0
185 360 23.37 12.39 0
186 361 23.46 12,48 0
185 361 23.45 12.38 0
185 365 23.74 12.37 0
183 365 23.87 12.13 0
184 365 23.88 12.23 0
183 365 23.87 12.13 0
183 368 24.03 12,15 1
184 371 24.26 12.26 0
181 373 24.50 11.93 0
181 372 24,31 11.99 0
182 376 24.38 12.18 0
181 375 24.65 11.88 0
178 376 24.37 11.62 0
179 376 24,60 11.63 0
180 379 24,98 11.68 0
179 380 25,06 11.57 0
177 380 24.69 11.48 0
180 379 24.98 11,68 0
178 384 25.00 11.54 0
179 384 25,00 11.64 0
177 384 25.00 11,44 0
178 384 25.00 11,54 0
177 385 25,08 11.43 0
176 388 25,80 11.26 0
177 392 25,91 11.36 0
177 390 25.73 11.38 0
174 394 25,99 11,07 3
173 398 26.55 10,86 4
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Table A8. Continued
Screen x Screen v GT X GT V Time
170 402 26.51 10.54 2
171 402 26.51 10.64 0
169 402 26.53 10.45 0
167 407 26.65 10.25 4
168 408 27.18 10.13 0
167 408 27.14 10-20 0
166 412 27.63 10.10 1
167 413 27.34 10.25 0
164 416 27.32 9.86 1
165 417 28.48 9.73 0
163 417 27.39 9.74 0
161 417 28.31 9.52 0
163 419 27.55 9.72 0
163 421 28.66 9.40 0
160 420 28.22 9.23 0
161 421 28.66 9,31 0
161 422 28.76 9.17 0
160 422 28.86 9.03 0
158 423 28.50 9.15 0
160 427 28.77 9.20 0
158 427 28.58 8.69 0
155 434 30.02 8.81 7
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Table A9. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT V Time
210 191 10.23 16.06 80
208 192 10.29 15.86 0
210 193 10.40 16.06 0
211 195 10.62 16.14 3
212 196 10.73 16.24 0
212 195 10.64 16.25 0
211 195 10.62 16.14 0
212 199 11.00 16.24 2
212 209 11.89 16.18 11
214 208 11.82 16.39 0
215 212 12.19 16.46 0
215 212 12.19 16.46 1
213 211 12.07 16.27 0
213 211 12.07 16.27 0
213 215 12.43 16.24 0
213 215 12.43 16.24 0
213 217 12.60 16.23 0
214 215 12.45 16.34 0
214 215 12.45 16.34 0
213 214 12.34 16.25 0
213 217 12.60 16.23 0
213 218 12.71 16.22 0
212 218 12.67 16.12 0
212 218 12.67 16.12 0
212 222 13.03 16.08 0
211 222 13.02 15.98 0
211 221 12.93 15.99 0
212 221 12.95 16.09 0
212 221 12.95 16.09 0
212 225 13.24 16.04 0
211 224 13.18 15.97 0
211 224 13.18 15.97 0
212 224 13,20 16.08 0
212 227 13.44 16.06 0
213 228 13.51 16.12 0
214 228 13.53 16.22 0
212 229 13.58 16.03 1
213 231 13.79 16.10 0
213 233 13.95 16.08 0
213 231 13.79 16.10 0
213 235 14.12 16.08 0
214 235 14.14 16.18 0
213 233 13.95 16.08 0
212 235 14.11 16.01 0
213 234 14.03 16.08 0
Table A9. Continued
J.U3
Screen x Screen v GT X GT V Time
212 238 14.34 15.97 0
211 238 14.33 15.87 0
213 238 14.35 16.06 0
213 239 14.43 16.05 0
212 242 14.67 15.96 0
211 241 14.57 15.85 0
213 241 14.61 16.07 0
212 241 14.59 15.97 0
212 245 14.92 15.92 0
212 245 14.92 15.92 0
210 249 15.20 15.72 1
210 245 14.89 15.74 0
210 248 15.12 15.73 0
211 248 15.14 15.83 0
209 248 15.10 15.61 0
212 252 15.47 15.86 0
211 252 15.46 15.76 0
209 251 15.35 15.59 0
210 252 15.44 15.66 0
211 253 15.55 15.78 0
210 255 15.69 15.66 0
210 258 15.92 15.63 4
210 258 15.92 15.63 0
211 261 16.14 15.71 0
208 262 16.23 15.42 0
211 262 16.22 15.70 0
210 262 16.22 15.62 0
209 264 16.40 15.51 0
208 266 16.54 15.40 0
208 266 16.54 15.40 0
208 265 16.47 15.40 0
207 266 16.47 15.30 0
208 266 16.54 15.40 0
208 269 16.75 15.38 0
207 269 16.71 15.28 0
207 269 16.71 15.28 0
207 273 17.04 15.25 0
207 273 17.04 15.25 0
207 273 17.04 15.25 0
208 274 17.13 15.34 0
208 274 17.13 15.34 0
207 276 17.27 15.22 0
207 276 17.27 15.22 0
207 279 17.50 15.24 0
207 276 17.27 15.22 0
Table A9. Continued
xuo
Screen x Screen v GT X GT V Time
208 277 17.36 15.32 0
207 280 17.58 15.23 0
207 280 17.58 15.23 0
207 281 17.65 15.22 0
208 281 17.67 15.32 0
208 283 17.82 15.30 0
208 282 17.74 15.32 0
208 283 17.82 15.30 0
207 286 18.02 15.16 0
206 287 18.09 15.07 0
206 286 18.01 15.08 0
207 288 18.15 15.13 0
207 290 18.33 15.15 0
206 290 18.36 15.05 0
205 294 18,60 14.95 0
206 294 18.64 14.99 0
206 294 18.64 14.99 0
205 294 18.60 14.95 0
205 294 18.60 14.95 0
206 294 18.64 14.99 0
205 298 18.88 14.92 0
206 297 18.80 15.02 0
205 297 18.79 14.92 0
204 298 18.88 14.78 0
205 297 18.79 14.92 0
204 301 19.14 14.79 0
205 300 19.04 14.90 0
204 301 19.14 14.79 0
204 300 19.03 14.77 0
204 301 19.14 14.79 0
203 304 19.31 14.63 0
204 304 19.32 14.73 0
205 308 19.62 14.85 0
203 307 19.53 14.66 0
204 308 19.61 14.75 0
204 308 19.61 14.75 0
204 308 19.61 14.75 0
203 311 19.80 14.59 0
203 311 19.80 14.59 0
202 311 19.79 14.49 0
203 316 20.23 14.60 0
203 313 19.95 14.58 0
203 314 20.03 14.57 0
202 315 20.08 14.48 0
203 314 20.03 14.57 0
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Table A9. Continued
Screen x Screen v GT X GT V Time
201 317 20.26 14.34 0
201 318 20.34 14.33 0
201 317 20.26 14.34 0
200 317 20.25 14.24 0
199 318 20.32 14.14 0
198 322 20.60 13.99 0
199 321 20.60 14.15 0
197 321 20.58 13.96 0
198 323 20.67 13.98 0
198 326 20.88 14.01 0
198 326 20.88 14.01 0
196 325 20.82 13.84 0
197 327 20.98 13.92 0
196 329 21.24 13.74 0
199 333 21.44 13.99 1
199 333 21.44 13.99 0
198 333 21.43 13.89 0
199 337 21.78 13.96 0
198 335 21.58 13.88 0
198 337 21.80 13.89 0
196 336 21.64 13.67 0
197 338 21.81 13.85 0
196 337 21.78 13.70 0
195 340 22.04 13.60 0
194 340 21.95 13.54 0
196 341 22.09 13.69 0
197 341 22.01 13.71 0
196 344 22.20 13.65 0
197 342 22.02 13.74 0
199 343 22.27 13.95 0
197 347 22.63 13.74 0
195 347 22.56 13.49 0
197 347 22.63 13.74 0
198 350 22.73 13.79 0
195 350 22.66 13.40 0
196 350 22.66 13.50 0
196 350 22.66 13.50 0
197 351 22.82 13.65 0
195 353 22.88 13,40 0
196 353 22.89 13.49 0
196 354 23.18 13.52 0
197 354 23.00 13.61 0
195 357 23.19 13.42 0
195 357 23.19 13.42 0
195 356 23.12 13.43 0
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Table A9• Continued
Screen x Screen v GT X GT V Time
195 361 23.49 13.38 0
196 361 23.72 13.46 0
193 361 23.48 13.28 0
194 363 23.81 13.29 0
193 365 24.01 13.13 0
194 365 23.79 13.26 0
192 364 23.66 13.11 0
192 365 24.01 13.03 0
192 367 24,05 13.06 0
193 367 24.06 13.16 0
191 369 24.21 12.89 0
192 371 24.42 13.00 0
192 372 24.31 13.05 0
189 373 24.29 12.81 0
190 372 24.45 12.77 0
191 374 24.60 12.94 0
190 375 24.48 12.79 0
190 376 24.56 12.78 0
189 375 24.51 12,58 0
191 379 25.01 12.80 0
189 377 24.69 12.73 0
190 379 25.00 12.70 0
191 378 24.94 12,82 0
189 378 24.86 12.56 0
189 381 25.00 12.56 0
190 382 25.05 12.72 0
189 382 25.05 12.62 0
189 382 25.05 12.62 0
190 385 25.38 12.80 1
187 386 25.51 12.28 0
187 388 25.70 12,3 6 0
188 391 25.80 12,43 0
187 390 25. 64 12.40 0
185 389 25.77 12.15 0
187 393 25.92 12.32 1
184 397 26.30 12,05 1
184 397 26.30 12,05 0
187 396 26.15 12.28 0
184 399 26.58 12.00 0
184 400 26.66 11.99 0
184 400 26.66 11,99 0
183 401 26.63 11.88 0
183 404 26.93 11.84 0
182 404 26.80 11.66 0
182 404 26.80 11.66 0
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Table A9. Continued
Screen x Screen v GT X GT V Time
182 409 27.43 11.50 0
183 408 27.12 11.71 0
182 407 27.04 11.62 0
181 409 27.12 11.62 0
180 407 27.20 11.79 0
180 412 27.69 11.45 0
179 410 27.51 11.19 0
178 411 27.32 11.25 0
178 415 27.96 11.25 0
177 415 27.97 11.15 0
176 415 28.18 11.11 0
176 417 27.65 11.02 0
176 418 27.73 11.01 0
176 419 27.81 11.00 0
175 419 28.35 10.71 0
174 423 28.61 10.61 0
174 422 28.53 10.62 0
172 423 28.62 10.41 0
169 433 29.86 9.92 9
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Table AlO. Coordinates Produced by Conversion Program
Screen x Screen v QT X QT y Time
221 199 11.14 17,16 11
220 197 10.94 17,06 0
220 201 11.30 17.04 7
221 200 11.24 17,19 0
221 205 11.68 17.12 0
220 204 11,57 17.02 0
220 203 11.48 17,02 0
221 203 11.49 17-13 0
222 207 11.87 17.21 0
221 206 11.77 17.11 0
220 206 11.76 17.02 0
221 206 11.77 17,11 0
222 206 11.78 17.21 0
222 208 11.96 17.19 0
221 205 11.68 17.12 0
221 209 12.04 17,08 0
221 209 12.04 17,08 0
222 213 12.42 17,17 2
221 213 12.40 17.07 0
220 217 12.72 16.92 1
220 217 12.72 16.92 1
219 217 12.71 16,82 0
221 219 12.94 17,02 0
220 217 12,72 16.92 0
219 219 12.88 16.81 0
221 220 13,02 17.02 0
219 218 12.80 16.82 0
220 223 13.23 16.92 0
220 223 13,23 16.92 2
221 223 13,25 16.99 0
221 223 13.25 16,99 0
220 227 13,57 16.89 0
219 225 13.39 16,80 0
222 227 13.60 17.07 0
219 226 13.47 16,80 1
219 231 13.89 16.75 0
219 230 13.82 16.71 0
219 229 13.71 16,74 0
218 229 13,72 16,61 0
220 231 13.90 16,85 0
218 233 14.04 16.64 0
218 231 13,87 16.64 0
218 231 13.87 16.64 0
219 232 13.97 16,74 0
220 232 13.97 16.83 0
Ill
Table AlO. Continued
Screen x Screen v GT X GT Y Time
218 235 14.20 16.63 0
218 235 14.20 16.63 0
218 236 14.28 16.57 0
218 236 14.28 16.57 0
218 239 14.49 16.55 0
218 239 14.49 16.55 0
218 238 14.44 16.56 0
219 239 14.52 16.65 0
220 243 14.85 16.72 0
218 243 14.85 16.54 0
217 242 14.74 16.47 0
220 242 14.80 16.74 0
219 245 15.00 16.61 1
218 245 14.98 16.50 0
219 246 15.07 16.59 0
219 246 15.07 16.59 0
218 247 15.14 16.49 0
218 250 15.38 16.46 0
219 249 15.31 16.57 0
217 249 15.29 16.37 0
217 253 15.62 16.38 0
217 252 15.51 16.36 0
216 252 15.50 16.26 0
218 253 15.64 16.48 0
217 253 15.62 16.38 0
217 255 15.75 16.35 0
217 254 15.68 16.35 0
217 255 15.75 16.35 0
218 259 16.09 16.47 0
217 256 15.83 16.35 0
216 257 15.91 16.28 0
215 259 16.05 16.12 0
217 259 16.08 16.35 0
216 259 16.06 16.22 0
216 263 16.34 16.19 0
217 263 16.35 16.28 0
216 262 16.30 16,18 0
216 262 16.30 16.18 0
217 265 16.51 16.27 0
216 266 16.61 16.21 0
216 264 16.42 16.18 0
215 265 16.48 16.07 0
216 269 16.86 16.16 0
215 268 16.77 16.04 0
215 268 16.77 16.04 0
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Table AlO. Continued
Screen x Screen v GT X GT V Time
215 268 16,77 16.04 0
216 272 17.09 16.15 0
216 272 17.09 16.15 0
216 272 17.09 16.15 0
216 275 17.35 16.13 0
215 273 17.16 16.04 0
216 275 17.35 16.13 0
216 277 17.45 16.09 0
216 276 17.37 16.11 0
215 277 17.44 16.00 0
215 278 17.51 15.99 0
215 280 17.67 15.99 0
213 282 17.80 15.78 0
213 279 17.61 15.78 0
213 283 17.85 15.75 0
212 283 17.84 15.65 0
212 285 17.99 15.64 0
213 286 18.11 15.77 0
213 289 18.35 15.71 0
212 288 18.27 15.62 0
212 286 18.10 15.67 0
212 286 18.10 15.67 0
212 289 18.34 15.62 0
212 290 18.42 15.61 0
213 291 18.51 15.70 0
212 290 18.42 15.61 0
211 294 18.64 15.48 0
211 293 18.59 15.50 0
210 295 18.71 15.38 0
211 298 19.00 15.45 0
210 297 18.92 15,36 0
210 297 18,92 15.36 0
211 299 19,07 15,44 0
210 300 19.14 15.34 0
211 300 19.15 15,43 0
210 301 19.21 15.33 0
210 304 19.45 15.34 0
210 304 19.45 15.34 0
211 304 19,46 15.42 0
210 306 19.52 15.32 0
209 304 19,37 15.21 0
209 304 19,37 15.21 0
210 308 19.66 15.31 0
210 307 19.59 15.31 0
210 307 19.59 15.31 0
Table AlO. Continued
Screen x Screen v GT X GT V Time
210 311 19,92 15.29 0
210 312 19.98 15.31 0
208 311 19.90 15.09 0
208 311 19.90 15.09 0
208 315 20.18 15.07 0
208 315 20.18 15.07 0
207 314 20.10 14.98 0
208 315 20.18 15.07 0
209 317 20.32 15.12 0
208 316 20.29 15.07 0
207 318 20.46 14.90 0
208 318 20.41 15.00 0
208 318 20.41 15.00 0
208 317 20.31 15.03 0
207 319 20.49 14.93 0
208 322 20.83 14.97 0
206 323 20.78 14.80 0
206 323 20.78 14.80 0
206 325 20.88 14.82 0
205 325 20.87 14.73 0
205 326 20.94 14.72 0
206 325 20.88 14.82 0
205 327 21.02 14.72 0
205 326 20.94 14.72 0
204 327 21.05 14.59 0
204 327 21.05 14.59 0
204 327 21.05 14.59 0
202 331 21.34 14.35 0
203 331 21.35 14 .45 0
203 331 21.35 14.45 0
201 333 21.48 14.22 0
203 336 21.69 14.41 0
203 335 21.69 14.40 0
203 337 21.84 14.38 0
203 339 22.00 14.40 0
204 338 21.92 14.47 0
204 339 21.99 14.46 0
203 340 22.08 14.39 0
202 343 22.28 14.26 0
203 342 22.13 14.32 0
202 343 22.28 14.26 0
203 345 22.34 14.27 0
202 345 22.33 14.17 0
202 345 22.33 14.17 0
201 347 22.58 14.11 0
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Table AlO. Continued
Screen x Screen v GT X GT V Time
202 347 22.51 14.19 0
202 349 22.60 14.24 0
201 351 22.80 14.05 0
202 350 22.67 14.23 0
201 352 22.84 14.06 0
201 354 23.08 14.04 0
199 358 23.42 13.81 0
200 357 23.35 13.92 0
202 355 23.05 14.18 0
200 357 23.35 13.92 0
200 356 23.19 13.90 0
199 360 23.46 13.80 0
199 360 23.46 13.80 0
200 365 23.79 13.83 0
199 364 23.77 13.79 0
199 364 23.77 13.79 0
198 365 23.82 13.64 0
198 367 23,90 13.62 2
198 369 24.32 13.70 0
197 368 24.01 13.49 0
196 372 24.52 13.40 0
197 371 24.26 13.50 0
195 372 24.35 13.20 0
196 373 24.50 13.35 0
195 376 24.51 13,28 0
195 375 24.43 13,29 0
195 377 24.76 13.25 0
194 378 24.83 13.14 0
194 378 24.83 13.14 0
194 383 25,37 12.96 0
193 380 24.96 12.93 0
193 384 25.41 12-96 0
192 383 25.33 12,87 0
192 383 25.33 12.87 0
192 383 25.33 12.87 0
190 383 25.13 12.61 0
190 385 25.38 12.80 0
191 387 25.56 12.76 0
190 386 25.46 12,79 0
190 386 25.46 12.79 0
187 389 25.56 12.41 0
189 389 25.57 12.60 0
189 392 26,02 12.51 0
189 392 26,02 12.51 1
188 394 25.97 12.31 0
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Table AlO. Continued
Screen x Screen v GT X GT V Time
187 394 25.97 12.21 0
187 398 26.39 12.34 0
187 397 26.23 12.27 0
184 398 26.38 12.04 0
185 398 26.38 12.14 0
184 401 26.75 12.13 0
185 400 26.67 12.09 0
184 402 26.71 11.97 0
182 405 26.88 11.65 0
187 404 26.99 12.25 0
182 409 27.43 11.50 0
181 408 27.12 11.51 0
180 408 27.12 11.41 0
181 409 27.12 11.62 0
179 411 27.32 11.36 0
181 411 27.84 11.41 0
179 411 27.32 11.36 0
178 418 27.73 11.21 4
176 419 27.81 11.00 0
175 420 28.43 10.70 0
176 418 27.73 11.01 0
175 421 27.91 10.92 0
174 423 28.61 10.61 0
174 423 28.61 10.61 0
174 425 28.41 10.69 0
174 426 29.11 10.63 0
171 426 28.88 10.27 0
174 426 29.11 10.63 0
171 430 29.13 10.22 0
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Table All. Coordinates Produced by Conversion Program
Screen x Screen v GT X GT V Time
227 192 10.61 17.83 8
228 204 11.71 17.85 20
229 204 11.72 17.95 0
232 210 12.32 18.20 6
228 210 12.27 17.80 0
227 210 12.24 17.69 0
229 209 12.20 17.91 0
228 214 12.60 17.76 0
227 214 12.58 17.66 0
227 213 12.50 17.66 0
229 215 12.70 17.85 0
228 214 12.60 17.76 0
227 217 12.84 17.64 0
228 217 12.86 17.73 0
228 217 12.86 17,73 0
228 216 12.77 17.74 0
228 215 12.68 17,75 0
229 218 12.96 17.82 0
228 219 13.02 17.73 0
228 220 13,13 17.72 0
228 219 13,02 17.73 0
228 219 13.02 17.73 0
228 221 13.20 17.68 0
227 222 13.26 17,61 0
227 223 13.33 17.55 0
228 225 13.51 17.64 0
227 222 13.26 17,61 0
227 226 13,58 17.53 0
228 226 13.60 17.69 0
228 226 13.60 17.69 0
230 226 13.64 17.87 0
230 229 13.89 17,85 0
230 228 13.80 17,86 1
230 228 13.80 17.86 0
230 233 14.21 17.79 0
231 232 14.14 17.93 0
229 231 14.03 17.72 1
229 232 14.12 17.73 0
227 232 14.06 17.51 0
226 234 14.24 17.39 0
226 235 14.32 17,38 0
226 236 14.39 17.40 0
226 235 14.32 17.38 0
227 235 14.32 17,51 0
226 240 14.70 17,37 0
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Table All. Continued
-een x Screen v GT X GT V Ti:
224 239 14.62 17.20 0
225 241 14.76 17.27 0
226 241 14.78 17.36 0
225 242 14.85 17.26 0
226 246 15.15 17.32 0
227 244 15.04 17.44 0
224 246 15.15 17.13 0
224 246 15.15 17.13 0
225 250 15.48 17.20 1
223 250 15.47 16.98 0
223 249 15.38 17.01 0
224 251 15.55 17.09 0
224 250 15.48 17.08 0
224 251 15.55 17.09 0
224 253 15.70 17.08 0
223 253 15.68 16.98 0
224 254 15.77 17.07 0
225 255 15.87 17.14 0
224 255 15.86 17.04 0
225 260 16.28 17.13 1
225 259 16,20 17.14 1
224 258 16.10 17.02 0
224 259 16.20 17.04 0
224 262 16.43 16.99 0
224 263 16.48 16.99 0
223 262 16.41 16.89 0
222 263 16.47 16.81 0
223 263 16.48 16.89 0
222 267 16.76 16.76 0
223 265 16.64 16.90 0
224 271 17.10 16.93 0
224 269 16.95 16.89 0
223 266 16.69 16.86 0
223 270 17.01 16.84 0
223 270 17.01 16.84 0
223 269 16.94 16.84 0
223 271 17.08 16.83 0
222 273 17.26 16.68 0
223 273 17.24 16.82 0
221 273 17.21 16.60 0
222 277 17.57 16.70 0
223 279 17.72 16.79 0
223 277 17.54 16.76 0
222 279 17.70 16.69 0
221 281 17.81 16.57 0
Table All. Continued
Screen x Screen v GT X GT V Time
221 285 18,09 16,55 0
220 285 18.08 16,44 0
221 284 18.01 16.56 0
220 285 18.08 16.44 0
220 288 18.35 16,40 0
220 287 18.23 16,43 0
219 288 18.28 16.29 0
219 287 18.22 16.33 0
219 287 18.22 16.33 0
218 291 18.54 16.20 0
219 291 18.51 16.26 0
218 291 18.54 16.20 0
219 291 18.51 16,26 0
218 291 18.54 16,20 0
217 295 18.88 16.05 0
216 295 18.79 15.98 0
216 296 18.88 15,97 0
218 295 18.89 16,15 0
216 299 19.07 15.94 0
216 297 18.94 15,97 0
217 303 19.42 16,00 0
216 301 19.22 15.92 0
217 302 19.31 16.01 0
216 302 19.34 15.91 0
217 305 19.58 16.00 0
217 305 19.58 16.00 0
216 306 19.67 15.90 0
218 305 19.55 16.10 0
216 305 19.60 15.91 0
216 309 19.85 15.92 0
216 309 19.85 15.92 0
218 309 19,90 16.08 0
217 313 20.12 15.95 0
219 314 20.24 16.13 0
215 314 20.19 15.75 1
216 315 20.27 15.83 0
216 317 20.37 15,82 0
214 318 20.46 15,61 0
215 317 20.47 15.73 0
213 320 20.53 15.44 0
213 319 20.63 15.54 0
213 320 20,53 15,44 0
213 322 20.67 15,43 0
213 323 20.75 15.42 0
213 324 20.94 15.47 0
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Table All. Continued
reen x Screen v GT X GT Y Ti:
213 327 21.24 15.56 0
212 327 21.18 15.33 0
213 328 21.15 15.44 0
212 328 21.29 15.37 0
213 328 21.15 15.44 0
213 332 21.44 15.41 0
212 332 21.46 15.27 0
212 332 21.46 15.27 0
212 335 21.72 15.31 0
212 336 21.85 15.21 0
211 340 22.09 15.13 0
211 339 22.07 15.10 0
210 341 22.09 15.04 0
210 343 22.34 15.03 0
210 341 22.09 15.04 0
210 342 22.16 15.03 0
210 342 22.16 15.03 0
210 347 22.57 15.04 0
212 345 22.44 15.25 0
208 347 22.72 14.75 0
209 347 22.57 14.79 0
209 349 22.72 14.93 0
209 349 22.72 14.93 0
209 351 22.87 14.91 0
209 351 22.87 14.91 0
207 351 22.81 14.68 0
208 354 23.15 14.67 0
208 354 23.15 14.67 0
206 358 23.37 14.52 0
206 357 23.36 14.45 0
206 358 23.37 14.52 0
207 357 23.37 14.55 0
204 361 23.56 14.27 0
204 361 23.56 14.27 0
204 361 23.56 14.27 0
202 365 23.80 14.02 0
203 365 23.81 14.11 0
202 366 24.04 14.07 0
202 365 23.80 14.02 0
201 366 24.00 13.96 0
203 368 24.21 14.07 0
200 365 23.79 13.83 0
201 369 24.08 13.88 0
200 369 24.07 13.78 0
201 368 24.08 14.01 0
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Table All. Continued
Screen x Screen v GT X GT V Time
199 372 24.52 13.68 0
199 372 24.52 13.68 0
200 371 24.44 13.80 0
199 375 24.67 13.62 0
198 375 24.67 13.52 0
199 374 24.47 13.66 0
198 375 24.67 13.52 0
198 375 24.67 13.52 0
198 378 24.71 13.66 0
197 379 24.93 13.41 0
198 379 24.80 13.65 0
196 382 25.20 13.26 0
196 383 25.28 13.25 0
197 383 25.13 13.40 0
195 383 25.37 13.06 0
196 385 25.54 13.27 0
195 387 25.36 13.17 0
195 386 25.58 13.13 0
195 387 25.36 13.17 0
195 390 25.86 13.12 0
195 389 25.78 13.13 0
194 389 25.78 13.04 0
194 393 26.07 12.99 0
193 392 25.88 12,97 0
193 393 25.96 12.96 0
191 397 26.48 12.64 0
191 397 26.48 12.64 0
192 397 26.14 12.85 0
192 398 26.40 12.82 0
191 398 26.60 12.63 0
190 401 26.67 12.64 0
190 401 26.67 12.64 0
191 404 26.86 12.60 0
191 405 26.94 12.59 0
188 405 27.10 12.41 0
187 404 26.99 12.25 0
189 405 27.10 12.51 0
189 406 27.18 12.50 0
187 407 27.09 12.12 0
186 407 27.23 12.12 0
186 409 27.11 11.95 0
186 407 27.23 12.12 0
184 411 27.37 12.05 0
185 411 27.36 12.15 0
184 411 27.37 12.05 0
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Table All. Continued
Screen x Screen v GT X GT V Time
183 415 27.55 11.65 0
181 415 27.59 11.66 0
183 415 27.55 11.65 0
186 415 27,99 12.07 0
181 419 28.06 11.29 0
181 418 27.83 11.63 0
181 418 27.83 11.63 0
180 422 28.31 11.16 0
178 422 28.47 11.08 0
180 421 28.22 11.17 0
179 422 28.55 11.22 0
178 424 28.63 11.06 0
177 425 28.72 10,95 0
176 425 28.41 10.90 0
177 425 28.72 10.95 0
176 429 28.73 10,83 0
177 429 28.90 10.81 0
175 430 29.06 10.75 0
